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(57) A driving apparatus comprises switches SW1 
to Sw3, a first signal line OUTA, and a second signal 
line OUTB. By ON/OFF control of the switches SW1 to 
Sw3, the voltage of the first signal line OUTA is 
changed between a positive voltage (+1/2V) level, which 
is smaller than a voltage V to be applied to a load 20, 
and the ground level, and the voltage of the second 
signal line OUTB is changed between the ground level 
and a negative voltage (-1/2V). By ON/OFF control of 
switches SW4 and SW5, the positive and negative 
voltages given by the first and second signal lines are 
selectively applied to the load 20. The maximum voltage 
applied to each element in the driving apparatus can be 
thereby lowered to the voltage (1/2V), which is smaller 
than the voltage V to be applied to the load 20. This 



makes it possible to hold down the breakdown voltage of 
each element to half the value in previously-considered 
apparatus. 
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Description 



S?,n?^? J^f ^T^"^ invention relates to driving apparatus and methods, plasma display apparatus and power 

pn2?,D„ n*"®",' ^^"l^i?'^ ''^^ increased for replacing CRTs with fiat matrix type display apparatus such as 

Lc^fiSd r.^ni^L^^'^'"^!"^' LCDs (Liquid Crystal Displays), and ELDs (Electro-Lumi^lescenSe Disjoin terms of 
dec eased thickness. In particular, AC-driven PDPs are excellent In visibility because they are self-emission t^oe 
SttpSnl fn'f '^^'^^/•sP'.ay °n a large screen with a thin device. Thus they have rLelved a greaT deaY of 
f„"n«i °" a next-generation display that can realize higher image quality than CRTs 

H?=.hir.. , Previously-considered AC-driven PDPs are classified into two-electrode type PDPs performing selective 
iHr«f ^^'^ discharge) and sustain discharge with two electrodes, and three-electrode type PDPS perform nq 
address discharge further using a third electrode. The three-electrode type PDPs are further classified into PDPs 

SrJ^r^Jl f™^ nn*L°'^tJ°''"'t'' ^^""^ '""^'''^'^ ^= ^'^^ electrodes, and PDPs having its thS 

aTk °" substrate opposite to the substrate of its first and second electrodes ^ 

[0004] All types of PDP apparatus described above are based on the same principle. Thus the construction of a 
« H^f "^'^^'^'w^^ below wherein first and second electrodes for performing sustain disc^rge are formed 

moo^ pTTuTriVnrf ^'T"""^ ^^P^^*^'^ ^^^^^^^^ °" ^ ^^^^^^^^^ °PP°s'te ^ the fir^t subs^ate 

P^n ? = • s^'aa/ammatic view showing the whole construction of an AC-driven PDP apparatus Refen-^q to 

nn^. l^rZ^^fTL^^ ^ ^^^'^^"^ "^'^^ ^^^""'"9 electrodes Y1 to Yn and common electrodes X S^ed on 

ePectS^^s Y1 to Yn /nH%^'^^^^^^ '° ^ ^""^^"^ °" °PP°^'*« =° ^ be perpendlculaMo t^e " 

mH« Ji M v TH ^^'^ f"""""" electrode X is disposed close to its corresponding one of the scannh^q 
mnne? tV° ^"^ Common electrodes X are commonly connected to one terminal scanning 
[0006] The corTifTion terminal of the common electrodes X is connected to the output temiinal of an X-side circuit 
^iJtrnHff .^J®*°*^^= ^1 to Y^ are connected to the output terminals of a Y-sioe circuit 3 The addriss 
™ri^!f connected to the output temiinals of an address-side circuit 4. The X-side cYcuit 2 

^ rifr^fif fnr rIn"'V^°' '^^^.^''^.^ ^ discharge. The Y-side circuit 3 comprises a circuit for line-sequentlLl scSn and 
LSd Th^,^ y CPn/ ^'l^^o'^t L^^ address-Side circuit 4 comprises a circuit for sele<5ng a lln? to Se 
displayed. These X-side circuit 2. Y-side circuit 3, and address-side circuit 4 are controlled with control sianali 
lTy%^''^'?r '^°^«,.sP«c'fi^"y. the address-Side circuit 4 and the circuit for line sequentiaf scan in 

and^tfdecTSl a^a^ ' '"''^'^^ °' ''^^ ^^P^^«"9 discharge? of 4 X- 

fo^?P V """^^ 5°.-'™' *^'r"^"'' ^ generates the control signals on the basis of external display data D a clock CLK 
represen ing read timing for the display data D. a horizontal sync signal HS, and a verfical sync siqnal VS and 
supplies the o^ntrol signals to the X-side drcuit 2. the Y-side circuit 3. and the address-side S 4^ ^ ' 
pSn. f„ c'fo^ ^ sectiorial view of a cell Cij as one pixel, which is in the i-th row and the j-th column 
ftn rt,To^ il H • electrode X and a scanning electrode Yl are formed on a front glass substrate 11 The 

s rue ure is coated witti a dielectnc layer 12 for insulating the electrodes from a discharge sBace 17 The resultant 
structure is further coated with an MgO (magnesium oxide) protective film 1 3 resultant 
A riipLtrir^Jr'^'iT-^ electrode Aj is formed on a back glass substrate 14 opposite to the front glass substrate 11 
A dielectnc layer 15 is formed on the address electrode Aj. The dielectric layer 16 is coated with a fluorescer^t 
Xe Penning gas =P3<^ between the MgO protective film 13 and the dielectric layer 15 is charged v^J^ nI" . 

[0010] Fig. 2B .is for explaining a capacitance Cp in the AC-driven POP. Refemng to Fig. 2B, in the AC-driven 
eleSra^es X .n?Y^X°"^ ^k' ^P^^^^ '=«t^«en the common and scTninJ 

SS? per Ji' ^inJT 3'^" ^^^^""^'^ respectively. The sum of them gives the capacitancl 

?f'a?Llls'gTves*lpa^S'Sa<^ta-nceC% ^ * °^ capacitances' Cpcel. 

[0011] Fig. 2C IS for explaining fluorescence in the AC-driven PDP. Refen-ing to Fig. 2C. fluorescent substances 
diLh«rn. h! J"*^ !fP"^' '° ''^ =t"P«s on the inside surfaces of a ribs 16 A 

fluoresce '"^""'"^ electrodes X and Y excites the corresponding fluorescent substance 18 to 

^r^'?. ^ a timing chart showing voltage waveforms In a driving method of the AC-driven PDP Fiq 3 shows 
an^f f„n''i!.l^ J"^ "P-.""® ^''''"^'^ i= '^"v'^e^ 'nto a reset period consisting of a full write period 

fnn^t ^ • ^" address period, and a sustain discharge period 

Cn ^ImMit^or"^*, ll^V®^^* ^" scanning electrodes Y1 to Yn are set at the ground level (0 

SectS xXL'^lJi. ^^1. piJise having a voltage Vs * Vw (about 400 V) is applied to the common 

electrodes X. At this time, all the address electrodes A1 to Am are at a potential Vaw (about 100 V) As a result 
discharge occurs in eveiy cell of every display line to generate wall charges, independent^ Se preceding Slay 

J,n?flnl h nV^® potentials of the common electrodes X and the address electrodes A1 to Am become 0 V The 
voltage by wa^l charges themselves then exceeds the discharge start voltage in every cell, and discharge starts ' Thil 

SutSdTv 4"^^^ *";t "° ^'^^-"^"'^ between elecitrodes SpacTchaS^^^^^ 

S ti! ?e n«!l! hlon^^^ end discharge. This is so-called self-erase discharge. By this self-erase discharge, all 
«m\ ^ ^ J'°'^^ ^ free frc"! wall charges. This reset period serves to set all cells in ttie 

ofrfnrr^^H^ independently of the ON/OFF state of each cell in the preceding subfieid. This makes Sssibte to 
perform the subsequent address (write) discharge stably. • possioie to 
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[0015] Next, in the address period, address discharge is line-sequentially performed to turn each cell ON/OFF in 
accordance with display data. More specifically, a voltage at -Vy level (about -150 V) is applied to the scanning 
electrode Y1 corresponding to the first display line, and a voltage at -Vsc level (about -50 V) is applied to the 
scanning electrodes Y2 to Yn corresponding to the remaining display lines. At the same time, an address pulse having 
a voltage Va (about 50 V) is selectively applied to an address electrode Aj corresponding to a cell to undergo 
sustain discharge, i.e., to be turned ON, in the address electrodes A1 to Am. 

[0016] Consequently, discharge occurs between the scanning electrode Y1 and the address electrode Aj of the celt 
to be turned ON. With this priming (pilot), discharge between the scanning electrode Y1 and the corresponding common 
electrode X having a voltage Vx starts immediately. An amount of wall charges enough for the next sustain discharge 
is then stored on the surface of the MgO protective film 13 on the common electrode X and the scanning electrode Y1 
of the selected cell. Similariy for the scanning electrodes Y2 to Yn corresponding to the remaining display lines, 
the voltage at -Vy level is applied to the scanning electrodes of selected cells in order, and the voltage at -Vsc 
level is applied to the remaining scanning electrodes of non-selected cells. New display data is thereby written in 
all display lines. 

[0017] In the subsequent sustain discharge period, a sustain pulse having the voltage Vs (about 200 V) is 
alternately applied to the scanning electrodes Y1 to Yn and the common electrodes X to perform sustain discharge. An 
image of one subfield is displayed. The luminance of the image is determined by the length of the sustain discharge. 

i5 period, i.e., the number of times or the frequency of sustain pulse application. 

[0018] In such an AC-driven PDP, the voltage Vf at which a gas discharge starts between the surfaces of the 
common and scanning electrodes X and Y. is within the range of 220 to 260 V in general. Within an address period, 
e.g.. in a cell to display, the voltage is applied between the address and scanning electrodes A and Y to make a gas 
discharge occur. Using it as a trigger, a discharge is made to occur between the common and scanning electrodes X 
and Y, so as to leave wall charges on the common and scanning electrodes X and Y in the cell. 

20 [0019] In the subsequent sustain discharge period, with the wall charges Vwall gene^ilrd in the address period, 
and the sustain pulse voltage Vs applied between the common and scanning electrodes X and Y, a gas <iisGharge can 
be made to occur by setting |Vs + Vwall] at Vf or more. The value of the voltage Vs is not more than the discharge 
start voltage Vf. A voltage value that |Vs| < |Vf| < |Vs + Vwall| is used as Vs. 

[0020] When a gas discharge once occurs between the common and scanning electrodes X and Y, the wall 
charges on the common and scanning electrodes X and Y in the cell are replaced by wall charges in the reverse 
- polarity to end the gas discharge. Thus a sustain pulse voltage Vs in the polarity reverse to the previous one Is 
applied between the common and scanning electrodes X and Y. A gas discharge thereby occur again using the wall 
charges newly generated on the common and scanning electrodes X and Y. By repeating the above operations, the gas 
discharges can be repeated. 

[0021] The above-described "write address method" is an example of driving method for such an AG-driven PDP, in 
which the wall charges of all cells in the panel are erased in a reset period, and cells to display are selectively 
subjected to discharges in the subsequent address period to accumulate wall charges. Contrastingly in "erasion 
address method" as another example, wall charges are accumulated in relation to all cells in the panel in a reset 
period, and cells not to display are selectively subjected to discharges in the subsequent address period to erase 
their wall charges, thereby leaving wall charges only in cells to display. 

[0022] Fig. 4 is a circuit diagram showing a partial construction of a driving apparatus for the previously- 
35 considered PDP apparatus. Referring to Fig. 4, a load 20 represents the total capadtance of the cells formed between 
one common electrode X and one scanning electrode Y. The load 20 is provided with a common eiectrode X and a 
scanning electrode Y, to which pulse voltages described with Fig, 3 are applied by the X-side circuit 2 and the Y- 
side circuit 3. 

[0023] The X-side circuit 2 includes a power supply circuit 21, a power recovery circuit 22, and a sustainer 
circuit 23. The power supply circuit 21 comprises a diode D1 connected to the power supply line of the. sustain pulse 
40 voltage Vs. transistors Tr1 and Tr2 connected in series between the ground (GND) and the power supply line of the 
write voltage Vw, and a capacitor C1, connected between the common drain of the transistors Tf1 and Tr2 and the 
output of the diode D1 . 

[0024] To apply the full write pulse to the common electrodes X in the reset period, the transistor Tri is 
turned ON, and the transistor Tr2 is turned OFF. The sustain pulse voltage Vs having passed through the diode 01 and 
the write voltage Vw are summed and supplied to the sustainer circuit 23, To apply the sustain pulse to the common 
^5 electrodes X In the sustain discharge period, the transistor Tr1 is turned OFF, and the transistor Tr2 is tumed ON. 
The sustain pulse voltage Vs having passed through the diode D1 is directly supplied to the sustainer circuit 23. 
[0025] The sustainer circuit 23 comprises a switch circuit made by a parallel connection of a transistor Tr5 and 
a diode D5. two diodes D7 and D8 connected in series to the switch circuit, and a switch circuit made by a parallel 
connection of a transistor Tr6 and a diode D6 and connected in series to the diode D8. The node between the diodes 
□7 and D8 is connected to the common electrode X of the load 20. 

[0026] When the transistor Tr5 is ON and the transistor Tr6 is OFF, the sustain pulse voltage Vs or the full 
write pulse voltage Vs + Vw supplied from the power supply circuit 21 is applied to the common electrode X. 
Contrastingly, when the transistor Tr5 is OFF and the transistor Tr6 is ON, the ground level voltage (0 V) is applied 
to the common electrode X. 

[0027] The power recovery circuit 22 comprises two coils L1 and L2 connected to the capacitive load 20 of the 
55 PDP through the respective diodes D7 and D8, a diode D3 and a transistor Tr3 connected in series to one coil LI, a 
diode D4 and a transistor Tr4 connected in series to the other coil L2, and a capacitor C2 connected between the 
ground and the common terminal of the transistors Tr3 and Tr4. 
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resonance circuits. The power recoven/ drcu^t 22 !s for ^^rnU^?hf I® recovery circuit 22 has two. series of L-C 
and the capac^t^e load 2 , by a reso^a^^ e'^ ^ Vnd^^^^^^^^^^ a resonance of the coi, L1 

, owe'? recovI^'cSy Th 1:^^^!^^!:^ ' -^.^-'n- circuit and power supply circuit 32. and a 
' between the t!^o transistorl Trfand r'lis cl^ected to m^T^^^^ ^'J T^'^'t ^he node 

voltage -Vy, a non-selection pulse voltage Vsc or f Ss L nni.. Cn.'tf ^v*°^^ ''^^ 20. A scan pulse 
. 32 described later is applied to the sinning elecirodi Y ^ '^^^ ^"P^"®'' ^'""^ ^"PP'y "^C"'* 

K^uppl^fi^/ofSfs^aTp^lrJoE^^^^^^^^^^^^ T^^O connected to the 

,0 of the non-selection pulse voltage -Vsc a traLfst^r T 19 rinn J h t °® connected to the power supply line 
voltage Vs, a transistor Tr13 connectid to Te around fl? \° ^^^^l '"^P'^ ""^ °^ s^^t^in pulse 

disconnecting the power supply °ne of the scTn ou srvnitf^^J^^^^^ ^ transistor Tr14 and diode D14 for 

[0031] By appropriately coronina ONfoFF lJrH^%'Y^ non-selection pulse -Vsc, from a GND line, 
power supply circilit 32 and^can dnver ?i Se scin ouL vStL? Vv '° J''^ °' ■^'^C"!* 

raolS; P"'^^ -'*^9e vs IS applied to the scanning' t^Xe%'tsThow^in^%"r^ '^'^^ °^ "^^ 

Kspective ^7°?^^^^^^^ f dSTl^ar atlnsfstrr'^s^^^^^rn^^ ^^^^^^'^^ '-^ 2° "^-9^ 

D13 and a transistor Tr16 conneded in se iVs to thl ntlr iTf f l^^ connected in series to one coil L3, a diode 
and the common terminal of meSSis?ors T?15 aS TM^^ ' ^ connected between the ground 

22l\r JoTerTeVir^^^^^^^ ---- '^i-its. The power recovery circuit 

20 the coil L2 and the capacitive load 20 °f coil LI and the capacitive load 20, by a resonance of 

SStLlly scinnfng"""* Sf" ''?n""' an example of previously-considered constructions of a line- 
repeating circuits in the X- and Y-side circuits 2 and 3 ' ^"'^ discharge 

rcoLcted'rotSrs'&^l^^^^^^^^^ connected in parallel. The switch SW1 

and a capacitor CI is provided on the common Sod^yc^^^^^ ^1 cll"'^ ^'""'^^^^ ^^5, and SW6, 
Vax and the common electrode X electrode X side. A switch SW7 is connected between a power suppi; 

Sng elect"rodI rOnThrswSswVo' s^e ofTe '2^^"''"^ "^2° ^"^ ^^^1 is connected to the 

SW18. Ind a sv^tch SW1 1 is SecS^^?^ tLe s°iitc^^ =°""«cted through a switch 

through switches SW16 and SW17 and the o^'mndt.rr^n^^ '''T'®''' ^ P°^^^ ^^PP'V ("VV) is connected 

Side, a diode D1 and switches SWlb and SW1 5 a^^^ rnnn2^ w connected through a switch SW19. On the switch SW21 
shown in the drawing connected between the switch SW21 and the power supply Vs, as 

SS?forrepe^tinradSS(fofS^^^^^ line-sequentia. scan (for address) and the 

scan driver, and a switch SW?5 proliS on the sS SW2^ n{°*® P^vided on the switch SW20 side of the 
i?a4^r°cT '^-'^^ -^.s^erciilf LVa?d\^^^^^^ S^12%^^ra^i^t=^^^^^ I 

IS in Fig't Retrn'^g to FlJTl^if^all^f .T^^^^ ' high-voltage power supply necessary for the above circuit 
50 V. -180 V^ and -80 V. wt^^ are high JSLges^ ^ ' ' ^"^ ^^^P^^tively used are 180 V, 

the?v!itches SWlVVw'T^a^nd'^SW Vl^'^'^r '''S- ^ scanning period, 

between both terminals of me sca^Ler Furthl^ hi sS SW2lttumIrnM *° f ^"'^ 1 "°'^=9e Vsc (= 100 V^ 
one scanning electrode Y which is the scanninn fl^nof IT^^ *° ^PP'^ ^ voltage (-Vy = -180 V) to 

= - 80 V) to the remainfng s^nnirlg eleSrY ^ ' " °^ *°^PP'y ^ ^°'^9^ (Vsc - Vy 

fa?gt? and eaS LTdresfeteSS'de're'oTn °V '^1^ '° ="""'"9 ^ which Is the scanning 

« voltage Va (= 60 V) Sed to the addVesI ^ A°^T^'""i^ '"'"P^f^' ^ '^'^'^^^^Se is made to occur by I 

electrodes A and Y as a Wgge a dSh^'rae ?f Wh.^m^ h"^* gas discharge between the address and scanr^ng 
voltage Vax is applied by turning mfsStch SW7 omTJ^h m *° between the common electrode X (to which I 
applied) Wall charaes diff^rlnt in t^i^ 'k scanning electrode Y (to which a voltage of -180 V is 

ironSes^nn^girect?o3es?and Y^^^^^^^ are thereby generated on the 'dielectic layer 

r004n Thi^ A/<; cor^orif^ * sfiown in Fig. 2. This operatJon is performed to every scanning electrode Y 

Toi statel^'Vo t^l^'JaS^wTt^^^^^^ «Tl 'T^^" ^a'sSS'swie in 

the switch SW18 and a diodf pa asftc o?the 1^ P^^^e^ting a short circuit between 

During the above operatonlie s2h SwTs is kS o^^ \ ^V?^^.?-^^"" 9^°""^^ '^^el. 

switch SW15. tne switch SW15 is kept OFF. A voltage of 180 V is applied between both temiinals of the 

[0042] In the subsequent sustain discharge period the switches SW19 and axAitR r.r> • , 
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SW10 is turned ON to raise the voltage to Vs. and thereby the voltage being applied to the scanning electrode Y is 
set at Vs. At this time, the voltage Vs (= 180 V) is applied between both terminals of the switch SW 11, which is 
being OFF. 

[0043] The voltage Vs being applied between the common and scanning electrodes X and Y is thereby added to a 
voltage due to wall charges generated in the above-described scanning period, and so a gas discharge starts. The 
current then flows through the switches SWIG, SW15, and SW2. At this time, wall charges are again generated as 
described above. 

[0044] Next, on the scanning electrode Y side, the switches SWIG and SW12 are turned OFF, and the switch 
SW13 is turned ON. An L-C resonance thereby occurs by the coil L4 and the capacitance Op of the PDP panel with 
using the capacitor C2, whose one terminal is always grounded, as a power supply. The voltage on the scanning 
electrode Y side is lowered near the ground level. Next, the switch SW11 is turned ON to lower the voltage to the 
ground level, and thereby the voltage being applied to the scanning electrode Y is set at the ground level. At this 
time, the voltage Vs (~ 180 V) is applied between both terminals of the switch SW 10. which is being OFF. 
[0045] Next, the switch SW3 on the common electrode X side is turned ON. An L-C resonance thereby occurs by 
the coil LI and the capacitance Cp of the PDP panel with using the capacitor 01, whose one terminal is always 
grounded, as a power supply. The voltage on the common electrode X side is raised near Vs. Next, the switch SW1 is 
turned ON to raise the voltage to Vs, and thereby the voltage being applied to the common electrode X is set at Vs. 
At this time, the voltage Vs (= 180 V) is applied between both terminals of the switch SW 2, which is being OFF. 
[0046] The voltage Vs being applied between the common and scanning electrodes X and Y is thereby added to a 
voltage due to wall charges generated some time ago, and so a gas discharge starts. The current then flows through 
the switches SW1 and SW11. At this time, wall charges are again generated as described above. 
[0047] Next, on the common electrode X side, the switches SW1 and SW3 are turned OFF, and the switch SW6 is 
turned ON. An L-C resonance thereby occurs by the coil L2 and the capacitance Cp of the PDP panel with using the 
capacitor CI, whose one terminal is always grounded, as a power supply. The voltage or. common electrode X side 
is lowered near the ground level. Next, the switch SW2 is turned ON to lower the voltage to the ground level, and 
thereby the voltage being applied to the common electrode X is set at the ground level. At this time, the voltage Vs 
(= 180 V) is applied between both terminals of each of the switch SW 1 on the common electrode X side and the switch 
SWIG on the scanning electrode Y side, which are being OFF. 

[0048] The breakdown voltages of various elements of the driving apparatus are determined by the maximum 
voltage of the pulse to be applied to the elements. In the previously-considered driving apparatus, a fixed voltage 
supplied from the power supply lines is applied to the load. For example, one of the X and Y electrodes is set at the 
ground level and the fixed voltage is applied to the other. For this reason, each element in the driving apparatus 
must have a high breakdown voltage corresponding to the fixed voltage. 

[0049] In particular, in case of the construction shown in Fig. 4, each element making up the sustainer circuit 
23 in the X-side circuit 2, requires a very high breakdown voltage corresponding to the full write pulse voltage Vs + 
Vw (about 400 V). Thus an expensive and large switching element such as a FET must be used to ensure a sufficient 
breakdown voltage. This causes a complex circuit construction and a very high manufacturing cost. 
[0050] Besides, in case of the construction shown in Fig. 5, the breakdown voltage of each FET of the switches 
SW1, SW2, SWIG. SW 11, and SW15, must be Vs or more. In addition, each FET of those switches is for controlling a 
gas discharge current, so it must have a low ON voltage for a stable gas discharge. However, generally in FETs, the 
higher the breakdown voltage is, the higher the ON voltage is (in case of double the breakdown voltage, 
proportionally to the third to fourth power of two). For this reason, in order to drive the PDP stably, it is 
required to dispose FETs in parallel in each of the switches SW1, SW2, SW10, SW 11, and SW15 for controlling a gas 
discharge current, so as to decrease its ON voltage. Thus a higher breakdown voltage causes an increase in cost on 
each FET.- Besides, an increase in the number of FETs causes a further increase in cost. Further, for realizing such 
waveforms as shown in Fig. 7 by the circuit of Fig. 5, four kinds of high-voltage power supplies are required. This 
also causes an increase in cost. 

[0051] Besides, a fixed voltage to be applied to the load is very high. For this reason, when charging or 
discharging is performed in relation to the capacitance of the load, a very large power loss occurs. 
[0052] It is therefore desirable to provide driving apparatus and methods wherein the breakdown voltage of each 
element of the driving apparatus is held down, thereby realizing simplification in circuit constaiction and reduction 
of manufacturing cost. 

[0053] It is also desirable to reduce the power consumption when charging or discharging is performed in 
relation to the capacitance of the load. 

[0054] According to an embodiment of one aspect of the present invention there is provided a driving apparatus 
which comprises a first signal line for applying a voltage at a first level to a load, and a second signal line for 
applying a voltage at a second level to the load, wherein the voltage of the second signal line is set at a third 
level and the voltage of the first signal line is set at the first level to apply the voltage at the first level to 
the load through the first signal line, and the voltage of the first signal line is set at the third level and the 
voltage of the second signal line is set at the second level to apply the voltage at the second level to the load 
through the second signal line. 

[0055] Such an embodiment- of the present invention makes it possible for a power supply, which generates a 
voltage less than a predetermined voltage to be applied to the load, to generate the voltages at the first and second 
levels the absolute values of which are less than that of the predetermined voltage. Selectively applying those 
voltages to the load substantially achieves application of the predetermined voltage to the load. The voltage applied 
to each element in the driving apparatus is then the first or second level voltage at most, so the breakdown voltage 
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of each element can be held tfown In comparison with its previously-considered apparatus. This makes it possible to 
use inexpensive smalt elements and so realize simplification in circuit 
construction and reduction of manufacturing cost. 

[0056] Besides, the voltage to be applied to the load is sufficed by the voltages at the first and second levels, 
whose absolute values are less than that of the predetemnined voltage. Thus the power consumption can be reduced in 
comparison with previously-considered apparatus, in which the predetermined voltage itself is applied to the load. 
[0057] Reference will now be made by way of example, to the accomoanying drawings in which: 

Fig. 1 is a diagrammatic view showing the whole construction of an AC-driven plasma display panel (POP) 
apparatus; 

Figs. 2A to 2C are sectional views of a ceil Cij as one pixel of the POP. which is in the i-th row and the j-th column; 

Fig: 3 is a waveform chart showing an example of a previously-considered driving method of the PDP; 

Fig. 4 is a circuit diagram showing an example of construction of a previously-considered driving apparatus; 

Fig. 5 is a circuit diagram showing another example of construction of a previously-considered driving apparatus; 

Fig. 6 is a circuit diagram showing the construction of a high-voltage power supply required for the driving 
apparatus of Fig. 5; 

Fig. 7 is a timing chart showing an example of driving waveforms in address and sustain discharge periods by the 
driving apparatus of Fig. 5; 

Fig. 8 is a cii'cuit diagram showing parts of a driving apparatus according to an embodiment of the present 
invention; 

Fig. 9 is a circuit diagram showing an example of consti-uction of a driving apparatus according to the first 
embodiment of the present invention; 

Fig. 10 is a timing chart showing an example of driving waveforms in a sustain discharge period by the driving 
apparatus of Fig. 9; 

Fig. 11 is a timing chart showing another example of driving waveforms in a sustain discharge period by the 
driving apparatus of Fig. 9; 

Fig. 12 is a circuit diagram showing a specific example of construction of the driving apparatus according to 
the first embodiment; 

Figs. 13A to 13C are circuit diagrams showing the constructions of switches, wherein Fig. 9A shows an example of 
construction of a switch SW3, Fig. 9B shows an example of constnjction of each of switches SWl and SW2, and 
Fig. 9C shows another example of construction of the switch SW3; 

Fig. 14 is a chart showing an example of driving waveforms of pulse voltages applied to electrodes X and Y in a 
sustain discharge period; 

Fig. 15 is a chart showing another example of driving waveforms of pulse voltages applied to electrodes X and Y 
in a sustain discharge period; 

Fig. 16 is a chart showing another example of driving waveforms of pulse voltages applied to electrodes X and Y 
in a sustain discharge period; 

Fig. 17 is a chart showing another example of driving waveforms of pulse voltages applied to electrodes X and Y 
in a sustain discharge period; 

Fig. 18 is a chart showing another example of driving waveforms of pulse voltages applied to electrodes X and Y 
in a sustain discharge period; 

Fig. 19 is a chart showing another example of driving waveforms of pulse voltages applied to electrodes X and Y 
in a sustain discharge period; 

Fig. 20 is a chart showing another example of driving waveforms of pulse voltages applied to electrodes X and Y 
in a sustain discharge period; 

Fig. 21 is a timing chart showing an example of switching control for generating the waveforms shown in Fig. 14; 
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Fig. 22 is a timing chart showing an example of switching control for generating the waveforms shown in Fig. 15; 

Fig. 23 is a timing chart showing an example of switching control for generating the waveforms shown in Fig. 16; 

Fig. 24 is a timing chart showing an example of switching control for generating the waveforms shown in Fig. 17; 

Fig. 25 is a timing chart showing an example of switching control for generating the waveforms shown in Fig. 18; 

Fig. 26 is a timing chart showing another example of switching control for generating the waveforms shown in 
Fig, 19; 

Fig. 27 is a timing chart showing an example of switching, control for generating the waveforms shown in Fig. 20; 

Fig. 28 is a timing chart showing another example of switching control for generating the waveforms shown in 
Fig. 21; 

Fig. 29 is a timing chart showing an example of switching control for generating the waveforms shown in Fig. 22; 

Fig. 30 is a circuit diagram showing another example of construction of a driving apparatus according to the 
first embodiment; 

Fig. 31 is a timing chart showing an example of driving waveforms in a sustain discharge period by the driving 
apparatus constructed as in Fig. 30; 

Fig. 32 is a timing chart showing another example of driving waveforms in a sustain discharge .period by -the 
driving apparatus constructed as in Fig. 30; 

Fig. 33 is a circuit diagram showing an example of construction of a driving apparatus according to the second 
embodiment of the present invention; 

Fig. 34 is a circuit diagram showing another example of construction of a driving apparatus according to the 
second embodiment; 

Fig. 35 is a timing chart showing an example of driving waveforms in a sustain discharge period by the driving 
apparatus constructed as in Fig. 34; 

Fig. 36 is a circuit diagram showing an example of construction of a driving apparatus according to the third 
embodiment of the present invention; 

Fig. 37 is a circuit diagram showing another example of construction of a driving apparatus according to the 
third embodiment; 

Fig. 38 is a timing chart showing an example of driving waveforms in a sustain discharge period by the driving 
apparatus constructed as in Fig, 37; 

Fig. 39 is a circuit diagram showing an example of construction of a driving apparatus according to the fourth 
iembodiment of the present invention; 

Fig. 40 is a circuit diagram showing another example of construction of a driving apparatus according to the 
fourth embodiment; 

Fig. 41 is a timing chart showing an example of driving waveforms in a sustain discharge period by the driving 
apparatus constructed as in Fig. 40; 

Fig. 42 is a circuit diagram showing an example of construction of a driving apparatus according to the fifth 
embodiment of the present invention; 

Fig. 43 is a timing chart showing an example of driving waveforms in a reset period and the subsequent sustain 
discharge period by the driving apparatus constructed as in Fig. 42; 

Fig. 44 is a circuit diagram showing another example of construction of a driving apparatus according to the 
fifth embodiment; 

Fig. 45 is a timing, chart showing an example of driving waveforms by the driving apparatus constaicted as in 
Fig. 44; 

Fig. 46 is a circuit diagram showing another example of construction of a driving apparatus according to the 
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fifth embodiment; 

Fig 47 is a timing chart showing an example of driving waveforms in a reset period and the subsequent sustain 
discharge period by the driving apparatus constructed as in Fig. 46, 

Fig. 48 is a circuit diagram showing an example of construction of a driving apparatus according to the sixth 
5 . embodiment of the present invention; 

Fig. 49 is a timing chart showing an example of driving waveforms by the driving apparatus constructed as in 
Fig. 48; 

Fig. 50 is a timing chart shoving a manner of power recovery by the power recoven^ circuit shown in Fig. 48; 
Fig. 51 is a circuit diagram showing another example of construction of a driving apparatus according to the sixth 
embodiment; 

Fig. 52 is a timing chart showing the manner of power recovery by the power recovery circuit shown in Fig. 51 ; 
Fig. 53 is a circuit diagram showing another example of construction of a driving apparatus according to the 

sixth embodiment; 

Fig. 54 is a circuit diagram showing another example of construction of a driving apparatus according to the 
sixth embodiment; — 
Fig. 55 is a circuit diagram showing another example of construction of a driving apparatus according to the 
sixth embodiment; 

Fig. 56 is a circuit diagram showing another example of construction of a driving apparatus according to the 

sixth embodiment; 

Fig. 57 is a circuit diagram showing another example of construction of a driving - apparatus according to the 
sixth embodiment; 

Fig. 58 is a circuit diagram showing another example of ■ construction of a driving apparatus according to the 
sixth embodiment; 

Fig. 59 is a timing chart showing an example of driving waveforms in a sustain discharge period by the driving 
apparatus constructed as in Fig. 58; 

Fig. 60 is a circuit diagram showing another example of construction of a driving apparatus according to the sixth 
embodiment; 

Fig. 61 is a timing chart showing an example of driving waveforms in a sustain discharge period by the driving 
apparatus constructed as in Fig. 58; 

Fig. 62 is a circuit diagram showing another example of construction of a driving apparatus according to the 
sixth embodiment; 

Fig. 63 is a circuit diagram showing an example of construction of a driving apparatus according to the seventh 
embodiment of the present invention; 

Fig. 64 is a timing chart showing an example of driving wavefomis by the driving apparatus constructed as in 
45 Fig. 63; 

Fig. 65 is a circuit diagram showing another example of construction of a driving apparatus according to the 
seventh embodiment; 

Fig. 66 is a timing chart showing an example of driving wavefom^s by the driving apparatus constructed as in 
50 Fig. 65; 

Fig. 67 is a circuit diagram showing an example of construction of a driving apparatus according to the eighth 
embodiment of the present invention; 

Fig. 68 is a circuit diagram showing another example of construction of a driving apparatus according to the 
55 eighth embodiment; 

Fig. 69 is a timing chart showing an example of driving wavefom^s by the driving apparatus constructed as in 
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Fig. 68; 

Fig. 70 is a circuit diagram showing an example of construction of a driving apparatus according to the ninth 
embodiment of the present invention; 

Fig. 71 is a circuit diagram showing another example of construction of a -driving apparatus according to the 
ninth embodiment; 

Fig. 72 is a timing chart showing an example of driving waveforms by the driving apparatijs constmcted as in 
Fig. 71; 

Fig. 73 is a circuit diagram showing an example of construction of a driving apparatus according to the tenth 
embodiment of the present invention; 

Fig. 74 is a timing chart showing an example of driving waveforms by the driving apparatus constructed as in 
Fig. 73; 

Fig. 75 is a circuit diagram showing another example of construction of a driving apparatus according to the 
tenth embodiment; 

Fig, 76 is a circuit diagram showing an example of construction of a driving apparatus according to the eleventh 
embodiment of the present invention; 

Fig. 77 is a timing chart showing an example of driving waveforms in a susU:;' discharge period by the driving 
apparatus constructed, as in Fig. 76; 

Fig. 78 is a circuit diagram showing another example of construction of a driving apparatus according to the 
eleventh embodiment; 

Fig. 79 is a timing. chart showing an example of driving waveforms by the driving apparatus constmcted as in Fig. 
78; 

Fig. 80 is a circuit diagram showing another example of construction of a driving apparatus according to the 
eleventh embodiment; 

Fig. .81 is a timing chart showing an example of driving waveforms by the driving apparatus constructed as in 
Fig. 80; 

Fig. 82 is a circuit diagram showing another example of construction of a driving apparatus according to the 
eleventh embodiment; 

Fig. 83 is a timing chart showing an example of driving waveforms by the driving apparatus constructed as in 
Fig. 82; 

Fig. 84 is a circuit diagram showing another example of construction of a driving apparatus according to the 
eleventh embodiment; 

Fig. 85 is a timing chart showing an example of driving waveforms by the driving -apparatus constructed as in 
Fig. 84; 

Fig. 86 is a circuit diagram showing another example of construction of a driving apparatus according to the 
eleventh embodiment; 

Fig. 87 is a circuit diagram showing an example of construction of a driving apparatus according to ttie twelfth 
embodiment of the present invention; 

Fig. 88 is a timing chart showing an example of driving waveforms in a sustain discharge period by the driving 
apparatus constructed as in Fig. 87; 

Fig. 89 is a circuit diagram showing another example of construction of a driving apparatus according to the 
twelfth embodiment; 

Fig. 90 is a circuit diagram showing an example of construction of a driving apparatus according to the 
thirteenth embodiment of the present invention; 

Fig. 91 is a timing chart showing an example of driving waveforms in a sustain discharge period by the driving 
apparatus constructed as in Fig. 90; 
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Fig. 92 Is a circuit diagram showing another example of construction of a driving apparatus according to the 
thirteenth embodiment; 

Fig. 93 is a timing chart showing an example of driving waveforms in a sustain discharge period by the driving 
apparatus constructed as in Fig. 92; 

Fig. 94 is a circuit diagram showing another example of construction of a driving apparatus according to the 
thirteenth embodiment; 

Fig. 95 is a timing chart showing an example of driving waveforms in a sustain discharge period by the driving 
apparatus constructed as in Fig. 94; 

Fig; 96 is a circuit diagram showing another example of construction of a driving apparatus according to the 
thirteenth embodiment; 

Fig. 97 is a timing chart showing an example of driving waveforms in a sustain discharge period by the driving 
^5 apparatus constructed as in Fig. 96; 

Fig. 98 is a circuit diagram showing another example of construction of a driving apparatus according to the 
thirteenth embodiment; 

Fig. 99 is a timing chart showing an example of driving waveforms in a sustain discharge period by the driving 
20 apparatus constructed as in Fig. 98; 

Fig. 100 is a diagrammatic view showing a schematic construction of a POP according to the fourteenth 
embodiment of the present invention; 

Fig. 101 is a block diagram showing an example of a schematic construction of a plasma display apparatus 
25 according to the fourteenth embodiment; 

Fig. 102 is a block diagram showing an example of construction of a driving apparatus according to the 
fourteenth embodiment; 

Fig. 103 is a block diagram showing an example of construction of a driving apparatus according to the fifteenth 
embodiment; 

Fig. 104 is a timing chart showing an example of driving waveforms in a sustain discharge period by the driving 
apparatus constructed as in Fig. 103; and 
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Fig. 105 is a circuit diagram showing an example of constmction according to still another embodiment 



[0058] Hereinafter, embodiments of the present invention will be described with reference to drawings. 
[0059] In this description, use of the term "conventional" does not necessarily imply that the thing referred to 
is in the public domain, merely that it has been previously considered. 

[0060] Fig. 8 is a circuit diagram showing the construction of a driving apparatus according to an embodiment of 
the present invention. ^ . , , u ao 

[0061] The driving apparatus of this embodiment shown in Fig. 8 can be applied to a display panel such as an AC- 
driven PDP apparatus, though it is not limited to such an application. In this case, the whole construction and the 
stmcture in section of each cell are the same as those shown in Figs. 1 and 2. r 
[0062] Referring to Fig. 8. an A/D converter 42 A/D-converts an AC power supply voltage supplied from an AC 
45 power supply 41 to generate a DC power supply voltage. At this time, the A/D converter 42 generates, e.g., a voltage 
(Vs/2), which is half of a sustain pulse voltage Vs. . , ^. , 

[0063] Using the voltage {Vs/2) supplied from the A/D converter 42, a power supply circuit 43 selectively 
outputs positive and negative voltages (+Vs/2 and -Vs/2). A driver circuit 44 applies, to a load 20, the power supply 
voltage (f*]s/2) supplied from the power supply circuit 43. ^ . l. *u *u u r * 

[0064] The power supply circuit 43 and the driver circuit 44 are connected to each other through first ana 
second signal lines OUTA and OUTB. These power supply circuit 43 and driver circuit 44 are connected to the common 
electrode X side of the load 20 corresponding to the PDP, and make up an X-side circuit 2 shown in Fig. 1 . 
[0065] A power supply circuit 43' and a driver circuit 44' include the same constructions as the power supply 
circuit 43 and the driver circuit 44. respectively. The power supply circuit 43' and the driver circuit 44' are 
connected to each other through third and fourth signal lines OUTA and OUTB'. These power supply circuit 43 and 
driver circuit 44' are connected to the scanning electrode Y side of the load 20,, and make up a Y-side circuit 3 
shown in Fig. 1 . « ^ ^ 

[0066] In this embodiment, the power supply voltage (Vs/2) output from the A/D converter 42 and the ground 
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voltage are supplied to both the power supply circuit 43 for the common electrode X and the power supply circuit 43' 
for the scanning electrode Y. That is, one A/D converter 42 is shared by the two power supply circuits 43 and 43'. 
[0067] Operations of the driving apparatus having the above construction will be described below. For example, 
in a sustain discharge period, the power supply circuit 43 for common electrode X outputs alternating voltages (+Vs/2, 
0) to the first signal line OUTA, and alternating voltages (0, -Vs/2) to the second signal line OUTB. At this time, 
the power supply circuit 43' for scanning electrode Y outputs alternating voltages (0. +Vs/2) to the third signal 
line OUTA', and alternating voltages (-Vs/2, 0) to the fourth signal line OUTBT in the reverse phases to those of the 
power supply circuit 43 for common electrode X. 

[0068] The driver circuit 44 for common electrode X outputs the voltages output on the first and second signal 
lines OUTA and OUTB, onto the output line OUTC to apply them to the load 20. The driver circuit 44' for scanning 
electrode Y applies the voltages output on the third and fourth signal lines OUTA and OUTS', to the load 20 through 
the output line OUTC. 

[0069] In this manner, when the voltage (+Vs/2) of the first signal line OUTA is applied through the output line 
OUTC to the common electrode X of the load 20, the voltage (-Vs/2) of the fourth signal line OUJB' is applied through 
the output line OUTC* to its scanning electrode Y. Conversely, when the votage (-Vs/2) of the second signal line 
OUTB is applied through the output line OUTC to the common electrode X of the load 20. the voltage (+Vs/2) of the 
third signal line OUTA' is applied through the output line OUTC to the scanning dectrode Y. v 
15 [OO7O] In short, according to this embodiment, the voltages (l^s/2) in opposite phases are applied to the common 
electrode X and the scanning electrode Y, respectively. For example, when the positive voltage (+Vs/2) is applied to 
the common electrode X. the negative voltage (-Vs/2) is applied to the scanning electrode Y. The common electrode X 
and the scanning electrode Y are then able to have a potential difference corresponding to the sustain pulse voltage 
Vs. This nriakes it possible to provide the same state as that in. the sUstain discharge period shown in Fig. 3 (the 
state that the sustain pulse voltage Vs is alternately applied to the common electrode X and the scanning electrode Y). 
20 [0071] The absolute values of the voltages then being applied to the pcw^-. supply circuits 43 and 43' and the 
driver circuits 44 and 44' are Vs/2 at most. Each element in these circuits thus only need have the breakdown voJtage 
of Vs/2, i.e., half the breakdown voltage in previously-considered apparatus. This makes it possible to use compact 
and inexpensive elements and so realize simplification in circuit construction and reduction of manufacturing cost. 
[0072] Besides, in the driving apparatus according to this embodiment, the voltage to be applied to. the load is 
Vs/2 at most, i.e.. sufficed by half the voltage Vs. Therefore, even taking into consideration an increase in power 
25 consumption which is caused by the fact that cycles of applying the voltages to the load become double that in 
previously-considered apparatus, the total power loss can be reduced in comparison with previously-considered 
apparatus, in which the voltage Vs itself is applied to the load 20. 

[0073] In the driving apparatus according to this embodiment, the positive and negative power supply voltages 
(f<3s/2) can be generated on the basis of output voltages from a single A/D power supply. In general, to generate such 
positive and negative power supply voltages, a power supply for the positive voltage and a power supply for the 
negative voltage need be prepared individually. According to this embodiment however, only a single A/D power supply 
suffices. Additionally in this embodiment, since the single A/D power supply is shared by the common electrode X side 
and the scanning electrode Y side, the circuit scale can be reduced more. 

[0074] Fig. 8 illustrates an example in which the voltages respectively applied to the common and scanning 
electrodes X and Y have the same absolute value (either is Vs/2). However, as far as the voltage Vs is applied 
35 between both end of the load 20, the voltages with the same absolute value need not always be applied respectively to 
the common and scanning electrodes X and Y. Besides, the power supply voltages given by the A/D converter 42 to the 
power supply circuits 43 and 43' need not always be positive. 

[0075] Specific examples of constructions of the power supply circuits 43 and 43' and the driver circuits 44 and 
44' shown in Fig. 8 will be described below. 

40 (First Embodiment) 

[0076] Fig. 9 is a circuit diagram showing an example of construction of a driving apparatus according to the 
first embodiment of the present invention, wherein the same functional blocks as in Fig. 8 are denoted by the same 
references as in Fig. 8. As described above, the power supply circuits 43' and the driver circuit 44' for scanning 
electrode Y have the same constructions as the power supply circuits 43 and the driver circuit 44 for common 
45 electrode X, respectively. Thus here are typically shown the constructions on the common electrode X side only 

[0077] Referring to Fig. 9, the power supply circuit 43 comprises a capacitor C1 and three switches SW1, SW2. 
and SW3. The driver circuit 44 comprises two switches SW4 and SW5. 

[0078] Two switches SW1 and SW2 in the power supply circuit 43 are connected in series between the ground 
(GND) and the power supply line of the voltage (Vs/2) generated by the A/D converter 42 of Fig. 5. The node between 
the switches SW1 and SW2 is connected to one terminal of the capacitor C1. Tlie remaining switch SW3 is connected 
between GND and the other terminal of the capacitor C1. 

[0079] The two switches SW4 and SW5 in the driver circuit 44 are connected in series between the terrriinals of 
the capacitor C1 in the power supply circuit 43. The node between the switches SW4 and SW5 is connected to the load 
20. 

[0080] An example of operation of the driving apparatus constructed as in Fig. 9 will be described below with 
55 reference to Fig. 10. Fig. 10 is a timing chart showing a specific example of driving wavefonns in a sustain 
discharge period by the driving apparatus according to this embodiment. 

[0081] Refenihg to Fig. 10, firstly on the common electrode X side, two switches SW1 and.SW3 are turned ON, and 
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the remaining switches SW2, SW4. and SW5 are kept OFF. At this time, the voltage of the first signal line OUTA rises 
to a voltage level (+Vs 12) given through the A/D converter 42 via the switch SW1, while the voltage of the second 
signal line OUTB remains at the ground level. At the next timing a little after of that, the switch SW4 is turned ON. 
and switches SW4' and SW2' on the scanning electrode Y side are turned ON. The voltage (+Vs/2) of the first signal 
line OUTA is thereby applied to the load 20 via the output line OUTC, The reason why the switches SW4' and SW2' on 
the scanning electrode Y side is turned ON, is for applying the voltage (Vs/2) between the common and scanning 

5 electrodes X and Y. . . ^ 

[0082] At this stage, since the switches SW1 and SW3 are turned ON to connect the capacitor C1 to the power 

supply, charges corresponding to the voltage (Vs/2) given through the A/D converter 42 via the switch SW1 are stored 

in the capacitor CI. ^ ^ , . 

[0083] At the next timing, the switch SW4 is turned OFF to stop the current path for applying the voltage, and 

then the switch SW5 is turned ON like a pulse. The voltage of the output iine OUTC is thereby lowered to the ground 

level Next, the switch SW2 is turned ON, and the remaining four switches SW1. SW3. SW4. and SW5 are set OFF. 

The switch SW4 is then turned ON like a pulse. This switch SW4 in the ON state sen/es as the current path for 

applying a voltage to the scanning electrode Y side, in contrast with the common electrode X {at the ground). 

[0084] Next, the switch SW5 is turned ON while the switch SW2 is kept ON. No power supply voltage is then 

supplied to the first signal line OUTA through the A/D converter 42 via the switch SW1, so the voltage of the first 

f5 signal line OUTA remains at the ground level. Contrastingly as for the second signal line OUTB, the first signal line 
OUTA is grounded because the switch SW2 is ON. The second signal line OUTB has a potential (-Vs/2) lower than the 
ground level by a voltage (Vs/2) con-esponding to the charges stored in the capacitor C1. Since the switch SW5 is ON, 
the voltage (-Vs/2) of the second signal line OUTB is applied to the load 20 through the output line OUTC. At this 
time, the switches SW3' and SW4' are turned ON to apply the voltage (-Vs/2) to the common electrode X side, in 
contrast with the scanning electrode Y (at Vs/2). . ^ ^^^^^ ^^^^^ 

20 [0085] At the next timing, the switches SW2 and SW4 are set ON, and th- '--maining switches SW1, SW3, and 
SW5 are set OFF. The voltage of the output line OUTC is thereby raised to the ground level. After that, three 
switches SW1, SW3, and SW4 are set ON, and the remaining two switches SW2 and SW5 are set OFF. like the first 
stage. This operation is repeated after this. 

[0086] Using the driving apparatus with this constmction. the positive voltage (+Vs/2) and the negative voltage (- 
Vs/2) are alternately applied to the common electrode X of the load 20, as shown on the output line OUTC in Fig. 10. 
25 Also to the scanning electrode Y of the load 20. the positive voltage (+Vs/2) and the negative voltage (-Vs/2) are 
alternately applied by performing a switching control similar to that on the common electrode X side. 
[0087] In this case, the respective voltages (l^s/2) are applied to the common and scanning electrodes X and Y 
so that they are reverse in phase to each other. For example, when the positive voltage (+Vs/2) is applied to the 
common electrode X. the negative voltage (-Vs/2) is applied to the scanning electrode Y. By this manner, the 
potential difference between the common and scanning electrodes X and Y can be kept at the voltage Vs, which is 
equal to a sustain pulse. This makes it possible to provide the same state as that in the sustain discharge penod 
shown in Fig: 3 (the state that the sustain pulse voltage Vs is applied alternately to the common and scanning 

electrodes X and Y). , . . .i* t. ,j u 

[0088] Fig. 11 is a timing chart showing another example of driving waveforms in a sustain discharge period by 

the driving apparatus according to this embodiment. .. .... 

[0089] Refemng to Fig. 11. firstly, three switches SW1. SW3, and SW4 are turned ON. and the remaining switches 
SW2 and SW5 are kept OFF. At this time, the voltage of the first signal line OUTA rises to a voltage level (+Vs 12) 
given through the A/D converter 42 via the switch SW1, while the voltage of the second signal line OUTB remains at 
the ground level. Since the switch SW4 is ON. the voltage (+Vs/2) of the first signal line OUTA is applied to the 
load 20 via the output line OUTC. . 
[0090] At this stage, since the switches SW1 and SW3 are turned ON to connect the capacitor CI to the power 
40 supply, charges con-esponding to the voltage (Vs/2) given through the ND converter 42 via the switch SW1 are stored 
in the capacitor CI . 

[0091] At the next timing, all the five switches SW1 to SW5 are turned OFF. The first signal line OUTA is then 
at a high impedance to maintain its voltage (Vs/2), and the output line OUTC also maintains its voltage (Vs/2). 
[0092] Next, two switches SW2 and SW5 are turned ON, and the remaining three switches SW1. SW3. and SW4 
are kept OFF. No power supply voltage is then supplied to the first signal iine OUTA through the A/D converter 42 via 
^5 the switch SW1 . so the voltage of the first signal line OUTA remains at the ground level. ^ . ^.i 

[0093] As for the second signal line OUTB, the first signal line OUTA is grounded because the switch SW2 is ON. 
The second signal line OUTB has a potential (-Vs/2) lower than the ground level by a voltage (Vs/2) corresponding to 
the charges stored in the capacitor CI. Since the switch SW5 is ON. the voltage {-Vs/2) of the second signal line 
OUTB is applied to the load 20 through the output line OUTC. . 
[0094] At the next timing, all the five switches SW1 to SW5 are turned OFF again. The second signal line OUTB is 
then at a high impedance to maintain its voltage (-Vs/2). and the output line OUTC also maintains its voltage (-Vs/2) 
. After that, three switches SW1, SW3, and SW4 are turned ON, and the remaining two switches SW2 and SW5 are 
kept OFF, like the first stage. This operation is repeated after this. 

[0095] As described above, the driving apparatus shown in Fig. 9 according to the first embodiment of the 
present invention is characterized by including the first signal line OUTA the voltage on which changes between the 
Vs/2 level and the ground level in accordance with ON/OFF of the capacitor C1 and the switches SW1 to SW3, the 
second signal line OUTB the voltage on which changes between the ground level and the -Vs/2 level similariy, and the 
driver circuit for the load 20 provided between the first and second signal lines. 
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[0096] Using the driving apparatus with this construction, the positive voltage (+Vs/2) and the negative voltage 
(-Vs/2) are alternately applied to the common electrode X of the load 20 by controlling ON/OFF of the switches SW4 
and SW5 in the driver circuit, as shown on the output line OUTC in Fig. 11. The positive voltage (+Vs/2) and the 
negative voltage (-Vs/2) are also alternately applied to the scanning electrode Y of the load 20 by driving the power 
supply circuit 43' and the driver circuit 44* in the same way as that described above. 

[0097] In this case, the respective voltages (l^s/2) are applied to the common and scanning electrodes X and Y 
^ so that they are reverse in phase to each other. For example, when the positive voltage (+Vs/2) is applied to the 
common electrode X, the negative voltage (-Vs/2) is applied to the scanning electrode Y. By this manner, the common 
and scanning electrodes X and Y can have a potential difference corresponding to the sustain pulse voltage Vs. This 
makes it possible to provide the same state as that in the sustain discharge period shown In Fig. 3 (the state that 
the sustain pulse voltage Vs is applied alternately to the common and scanning electrodes X an Y). 
[0098] The absolute values of the voltages applied to the power supply circuits 43 and 43' and the driver . 
circuits 44 and 44' are Vs/2 at most. Thus each element in these circuits only need have the breakdown voltage of 
Vs/2, i.e., half the breakdown voltage in previously-considered apparatus. This makes it possible to use compact and 
inexpensive elements, and so realize simplification in circuit construction and reduction of manufacturing cost. 
[009SI] Besides, in the driving apparatus according to this embodiment, the voltage to be applied to the load is 
Vs/2 at most, i.e., sufficed by half the voltage Vs: Therefore, even taking into consideration an increase in power 
iS consumption which is caused by the fact that cycles of applying the voltages to the load become double that in 
previously-considered apparatus, the total power loss can be reduced in comparison with previously-considered 
apparatus, in which the voltage Vs itself is applied to the load 20. 

[0100] Fig. 12 is a circuit diagram showing a specific example of construction of a driving apparatus to which 
the characteristic feature of the first embodiment shown in Fig. 9 is applied. In Fig, 12, the same references as 
those in Figs. 9 and 4 denote the same functional components as those in Figs. 9 and 4. 
20 [0101] Referring to Fig: 12, on the common ejectrode X side, the switches CVV1 and SW2 are connected in series 
between the ground (GND) and the power supply line of the voltage (Vs/2) generated by the A/D converter 42 of Fig. .8 
(not shown in Fig. 12). The node between the switches SW1 and SW2 is connected to one terminal of the capacitor C1 . 
The switch SW3 is connected between GND and the other terminal of the capacitor CI. 

[0102] ' The switches SW4 and SW5 are connected in series between both terminals of the capacitor CI . The node 
between the switches SW4 and SW5 is connected to the common electrode X of the load 20. 
2^ [0103] On the scanning electrode Y side, the switches SW1' and SW2' are connected in series between GND and 
the power supply line of the voltage (Vs/2) generated by the A/D converter 42 of Fig. 8. The node between the 
switches SWr and SW2' is connected to one terminal of a capacitor C4. The switch SW3' is connected between GND 
and the other terminal of the capacitor C4. 

[0104] The switch SW4' connected to one terminal of the capacitor C4 is connected to the cathode of the diode 
D14. The anode of the diode D14 is connected to the other terminal of the capacitor C4. The switch SW5' connected to 
the other terminal of the capacitor C4 is connected to the anode of the diode D15. The cathode of the diode D15 is 
connected to the one terminal of the capacitor C4. One terminal of each of the switches SW4* and SW5' respectively 
connected to the cathode of the diode D14 and the anode of the diode D15, is connected to the load 20 through a scan 
driver 31'. Fig. 12 illustrates only one scan driver 31* though the same is provided in practice for every display 
. line in the PDP, Contrastingly, the other circuits are shared by display lines as common circuits. 
35 [0105] Each of the switches SW1 to SW5 and SWV to SW5' shown in Fig. 12 comprises, e.g.. a MOSFET and, as 
occasion demands, a diode connected to the MOSFET. 

[0106] For example, each of the switches SW1 and SW1' comprises a p- or n-channel MOSFET connected to the 
power supply line of Vs/2, and a diode having its anode connected to the drain of the p-channel MOSFET or the source 
of the n-channel MOSFET. 

[0107] Each of the switches SW2 and SW2' comprises an n-channel MOSFET connected to the GND line, and a 
40 diode having its cathode connected to the drain of the n-channel MOSFET. 

[01081 Although the switches SW3 and SW3' can be constructed like the switches SW2 and SW2'. each comprises 
two sets of such a MOSFET and a diode connected in series as described above, the two sets being connected in 
parallel in relation to the ground, as shown, in Fig. 12. Otherwise, for example, the sources of both MOSFETs may be 
connected to each other, and the common source may be connected to the anodes of both diodes, as shown in Fig. 
13A. When the switches SW3 and SW3' are constructed as shown in Fig. 12 or 13A, a cun-ent can flow in either 
direction when the switch SW3 or SW3' is ON. When the switch is OFF. the cun-ent can be completely cut off. A more 
stable operation is thus realized. 

[0109] Each of the switches SW1, SW2, SWV. and SW2* may comprise an IGBT (Insulated Gate Bipolar 
Transistor) element as shown in Fig. 13B. As for the switches SW3 and SW3'. as shown in Fig. 13C, one of the two sets 
of switching elements each comprising a MOSFET and a diode may comprises such an IGBT element. The IGBT 
element is a bipolar-MOS composite element with three terminals, and its operation resistance lower than that of 
MOSFET affords reduced loss. In addition, since it does not allow any countercun*ent, no diode is required. 
[0110] In the driving apparatus having the above constnjction, by the above switching control of the switches 
SW1 to SW5 on the common electrode X side and the switches SW1' to SW5' on the scanning electrode Y side, the 
positive and negative voltages (S^s/2) are applied inversely in phase to the common and scanning electrodes X and Y. 
[0111] In each sustain discharge period, the timing at which the voltage (+Vs/2 or -Vs/2) is applied to the 
55 common electrode X may not always be equal to the timing at which the voltage in the opposite phase (-Vs/2 or +Vs/2) 
is applied to the scanning electrode Y. The timings for both voltages may differ to some degree. For example, the 
voltage may be applied to one electrode after the voltage in the opposite phase applied to the other electrode- has 



EP 1065650 



Printed from Mimosa 03/08/26 14:33:06 Page: 13 



EP 1 065 650 A2 

reached its stationary state. This causes a more stabie action of sustain discharge. 

[0112] The times of pulse voltages being applied to the electrodes X and Y need not always be equal to each 
other. The timings and times for applying voltages to the common and scanning electrodes X and Y can be controlled, 
e.g., by controlling ON/OFF timings of the switches SW4, SW4'. SW5, and SW5'. 

[0113] It is also possible to make, e.g., ON/OFF control of the above switches SW1 to SW5 and SWr to SW5' In 
accordance with a program stored in a storage medium such as a ROM. This makes it possible to vary freely the 
waveform of voltage to be applied by changing ROM. 

[0114] Figs. 14 to 20 show various examples of driving waveforms of pulse voltages to be applied to 
the electrodes X and Y in a sustain discharge period. 

[0115] Fig. 14 shows an example of driving waveforms in which the timing of applying the positive voltage (+Vs/2) 
is always earlier than that of applying the negative voltage (-Vs/2), and the timing of returning the applied 
positive voltage (+Vs/2) to the ground level is always later than that of returning the applied negative voltage {- 
Vs/2) to the ground level. More specifically, after the positive voltage (+Vs/2) applied to one of the common or 
scanning electrodes X and Y has reached its stationary state, the negative voltage (-Vs/2) is applied to the other 
electrode. Besides, after the voltage being returned from the negative voltage (-Vs/2) to the ground level has 
reached its stationary state at one electrode, the voltage being applied to the other electrode is returned from the 
positive voltage (+Vs/2) to the ground level. 

[0116] Furthermore, in this example of Fig. 14, the pulse width of the negative voltage (-Vs/2) is smaller than 
that of the positive voltage (+Vs/2) so that the negative voltage is returned to the ground level while the positive 
voltage is applied. This affords a more stable action of sustain discharge. 

[0117] Fig. 15 shows an example of driving waveforms in which the relation in polarity is reversed to that in 
Fig. 14. That is, the timing of applying the negative voltage (-Vs/2) is always earlier than that of applying the positive 
voltage (+Vs/2), and the timing of returning the applied negative voltage (-Vs/2) to the ground level is always later 
than that of returning the £.;;'!ed positive voltage (+Vs/2) to the ground level. More specifically, after the 
negative voltage (-Vs/2) applied to one electrode has reached its stationary state, the positive voltage {+Vs/2) is 
applied to the other electrode. Besides, after the voltage being returned from the positive voltage (+Vs/2) to the 
ground level has reached its stationary state at one electrode, the voltage being applied to the other electrode is 
returned from the negative voltage (-Vs/2) to the ground level. 

[0118] Furthermore, in this example of Fig. 15, the pulse width of the positive voltage (+Vs/2) is smaller than 
that of the negative voltage (-Vs/2) so that the positive voltage is returned to the ground level while the negative 
voltage is applied. This affords a more stable action of sustain discharge. 

[0119] Fig. 16 shows an example of driving waveforms in which the negative voltage (-Vs/2) is used as the 
reference voltage. More specifically, in a sustain discharge period, both the electrodes X and Y are kept at the 
voltage (-Vs/2) while no sustain pulse is applied, and the voltage of one electrode is raised to (+Vs/2) at the 
timing of actually applying a sustain pulse to discharge. Also in this example of Fig. 16, the pulse width of the 
negative voltage (-Vs/2) is greater than that of the positive voltage (+Vs/2), like the example of Fig. 15. 
[0120] As shown in this example of driving waveforms of Fig. 16, the voltage being applied to one electrode is 
fixed while the voltage being applied to the other electrode is changed. In this case, a predetermined voltage can be 
applied between the common and scanning electrodes X and Y only by such a change in voltage of the other electrode. 
This makes it possible to realize a more stable action of sustain discharge. 

[0121] Fig. 17 shows an example of driving waveforms in which the relation in polarity is reversed to that in 
Fig. 16. That is. the positive voltage (+Vs/2) is used as the reference voltage. More specifically, in a sustain 
discharge period, both the electrodes X and Y are kept at the voltage (+Vs/2) while no sustain pulse is applied, and 
the voltage of one electrode is lowered to (-Vs/2) at the timing of actually applying a sustain pulse to cause a 
discharge. In this example of Fig. 17, the pulse width of the positive voltage (+Vs/2) is greater than that of the 
negative voltage (-Vs/2). like the example of Fig. 14. 

[0122] As shown in this example of driving waveforms of Fig. 17, the voltage being applied to one electrode is 
fixed while the voltage being applied to the other electrode is changed. In this case, a predetermined voltage can be 
applied between the common and scanning electrodes X and Y only by such a change in voltage of the other 
electrode. This makes it possible to realize a more stable action of sustain discharge. 

[0123] Fig. 18 shows an example of driving waveforms in which the negative voltage (-Vs/2) is used as the 
reference voltage and the voltage of one electrode is raised to (+Vs/2) at the timing of an actual discharge, like 
the example of Fig. 16. Further in this example of Fig. 18, before the one electrode is returned to the negative 
voltage (-Vs/2) after the discharge, the voltage of the other electrode is raised to the positive voltage (+Vs/2) and 
then returned to the negative voltage (-Vs/2). 

[0124] For example, while the scanning electrode Y is kept at the negative voltage (-Vs/2), the voltage of the 
common electrode X is raised from the negative voltage (-Vs/2) to the positive voltage (+Vs/2) so that the difference 
voltage is applied between both electrodes to cause a discharge. The load 20 then stores charges according to the 
applied voltage. 

[0125] After this, before the common electrode X is returned from the positive voltage (+Vs/2) to the original 
negative voltage (-Vs/2), the voltage of the scanning electrode Y is also raised to (+Vs/2). The charges stored in 
the load 20 are thereby returned to the capacitor C1 on the common electrode X side. In this manner, the charges 
stored in the load 20 due to the electric discharge are not simply abandoned but returned to the capacitor 01, 
thereby achieving power saving. 

[0126] While the common electrode X is kept at the positive voltage (+Vs/2). the voltage of the scanning 
electrode Y,is raised also to the positive voltage (+Vs/2). The positive voltage (+Vs/2) is then applied to both the 
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common and scanning electrodes X and Y. so the electrodes X and Y are at the same potential. 

[0127] At this time, all the switches SW1 to SW5 on the common electrode X side are turned or kept OFF to keep 
the common electrode X side in the state of high impedance, and the voltage being applied to the scanning electrode Y 
side is lowered to the negative voltage (-Vs/2). Also the voltage on the common electrode X side is then lowered by 
the function of the capacitance of the load 20 to the negative voltage (-Vs/2) with following the voltage on scanning 
electrode Y side. At this time, charging the load 20 is not performed, and the charged electricity to the load 20 is 
zero. Thus there Is no power loss, and power saving is achieved. 

[0128] Fig. 19 shows an example of driving waveforms in which the pulse width of the positive voltage {+Vs/2) is 
equal to that of the negative voltage (-Vs/2) but the timings of applying the voltages to the common and scanning 
electrodes X and Y are not the same. In this example of Fig. 19, the timing of applying one voltage to the common 
electrode X is always earlier than that of applying the other voltage to the scanning electrode Y. But the case to the 
contrary is also possible. By applying the positive or negative voltage to one electrode after the negative or 
positive voltage applied to the other electrode has reached its stationary state, control is made for preventing any 
large momentary current from flowing through the circuit. This affords a more stable action of sustain discharge. 
[0129] Fig. 20 shows an example of driving waveforms in which the ground level is used as the reference voltage 
and the positive and negative voltages (ltis/2) are applied to both the common and scanning electrodes X and Y. In 
this case, the timing of applying the negative voltage (-Vs/2) is always earlier than that of applying the positive 
voltage (+Vs/2), and the timing of returning the applied negative voltage (-Vs/2) to the ground level is always 
earlier than that of returning the applied positive voltage (+Vs/2) to the ground level, 

[0130] Further in this example of Fig. 20. the positive voltage (+Vs/2) is applied to either electrode after 
discharging, to make both electrodes at the same potential, like the example of Fig. 18. After this, one electrode is 
returned to the ground level while the other electrode is kept at high impedance. The other electrode is returned to 
the ground level with following the voltage drop of the one electrode. At this time, charging the load 20 is not 
performed, and the r^-rged electricity to the load 20 is zero. Thus there is no 
power loss, and power saving is achieved. 

[0131] Fig. 21 is a timing chart showing an example of control of the switches SW1 to SW5 and SW1' to SW5' to 
generate the waveforms on the electrodes X and Y shown in Fig. 14. In this example of Fig. 21, it is assumed that, by 
processing in the preceding subfield, the charges corresponding to the voltage (Vs/2) are stored in either of the. 
capacitor CI on the common electrode X side and the capacitor C4 on the scanning electrode Y side. 
[0132] In sustain discharge period, on the common electrode X side, firstly, three switches SW1. SW3, and SW4 
are turned ON and the remaining switches SW2 and SW5 are kept OFF. At this time, the first signal line OUTA is at the 
voltage level {+Vs/2) applied through the switch SW1. The voltage (+Vs/2) of this first signal line OUTA is output on 
the output line OUTC through the switch SW4 to be applied to the load 20. 

[0133] At this stage, the switches SW1 and SW3 are ON, and so the capacitor 01 is connected to the power 
supply. Thus the capacitor 01 stores the charges corresponding to the voltage (Vs/2) applied through the switch SW1. 
[0134] On the scanning electrode Y side, the switch SW2' is turned ON at the same time when the switches SW1. 
SW3, and SW4 on the common electrode X side are turned ON. After the positive voltage (+Vs/2) is applied to the 
common electrode X side, the switch SW5' is also turned ON at a proper timing. In this state, the remaining three 
switches SW1'. SW3\ and SW4' are kept OFF. 

[0135] Since the switch SW2' is turned ON and the first signal line OUTA is grounded, the voltage of the fourth 
signal line OUTB' falls to the potential (-ys/2), which is lower than the ground level by the voltage (Vs/2) 
corresponding to the charges stored in the capacitor 04. After this, since the switch SW5' is turned ON at the proper 
timing, the voltage (-Vs/2) of the fourth signal line OUTB* is applied to the load 20 through the output line OUTC 
The difference voltage (Vs) is then applied between the electrodes X and Y of the load 20. and a sustain discharge 
occurs. 

[0136] After applying the difference voltage (Vs) to the load 20 for the sustain discharge, on the common 
electrode X side, the switch SW4 is turned OFF to stop the supply of the voltage (+Vs/2). and then the switch SW5 is 
turned ON to return the voltage being applied to the common electrode X, to the ground leyel. 

[0137] On the scanning electrode Y side, at a timing before the switch SW4 is turned OFF on the common 
electrode X side as described above, the switch SW5* is turned OFF to stop the supply of the voltage (-Vs/2), and 
then the switch SW4' is turned ON. In this manner, before the voltage being applied to the common electrode X is 
returned to the ground level, the voltage being applied to the scanning electrode Y is returned to the ground level.. 
[0138] At the next timing, all the five switches SW1 to SW5 on the common electrode X side and the five switches 
SWr to SW5' on the scanning electrode Y side are OFF. Switch control completely reverse to the above on. the 
common electrode X side and the scanning electrode Y side, is then performed so that the positive voltage (+Vs/2) 
with a large pulse width is applied to the scanning electrode Y side and the negative voltage (-Vs/2) with a pulse 
width smaller than that of the positive voltage on the scanning electrode Y side, is applied to the common electrode 
X side. After this, the same controls are repeated alternately. 

[0139] Fig. 22 is a timing chart showing an example of control of the switches SW1 to SW5 and SWr to SW5* to 
generate the waveforms on the electrodes X and Y shown in Fig. 15. In this example of Fig. 22, it is assumed that, by 
processing in the preceding subfield, the charges corresponding to the voltage (Vs/2) are stored in either of the 
capacitor 01 on the common electrode X side and the capacitor 04 on the scanning electrode Y side. 
[0140] In sustain discharge period, on the scanning electrode Y side, firstly, two switches SW2' and. SW5' are 
turned ON and the remaining switches SWr, SW3', and SW4' are kept OFF. Since the switch SW2' is turned ON and 
the first signal line OUTA is grounded, the voltage of the fourth signal line OUTB' falls to the potential (-Vs/2), 
which is lower than the ground level by the voltage (Vs/2) corresponding to the charges stored in the capacitor 04. 
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At this time, since the switch- SW5' Is turned ON simultaneously with the switch SWZ, the voltage (-Vs/2) of the 
fourth signal line OUTB* is applied to the load 20 through the output line OUTC. 

[0141] On the common electrode X side, the switches SW1 and SW3 are tumed ON at the same time when the 
switches SW2' and SW5' on the scanning electrode Y side are turned ON. After the negative voltage (-Vs/2) is applied 
to the scanning electrode Y side, the switch SW4 is also tumed ON at a proper timing. In this state, the remaining 
two switches SW2 and SW5 are kept OFF. w . . • u *u u 

5 [0142] The first signal line OUTA is thereby raised to the voltage level (+Vs/2) at the timing when the switch 
SW1 is turned ON. The voltage (+Vs/2) of this first signal line OUTA is output on the output line OUTC through the 
switch SW4. which has been turned ON at the proper timing, to be applied to the load 20. Thus the difference voltage 
(Vs) is applied between the electrodes X and Y of the load 20. 

[0143] At this stage, the switches SW1 and SW3 are ON, and so the capacitor 01 is connected to the power 
supply Thus the capacitor C1 stores the charges corresponding to the voltage (Vs/2) applied through the switch SW1. 
[0144] After applying the difference voltage (Vs) to the load 20 for a sustain discharge, on the scanning 
electrode Y side, the switch SW5' is turned OFF to stop the supply of the voltage (-Vs/2), and then the switch SW4' 
is turned ON to return the voltage being applied to the scanning electrode Y, to the ground level. 
[0145] On the common electrode X side, at a timing before the switch SW5' is turned OFF on the scanning 
electrode Y side as described above, the switch SW4 is tumed OFF to stop the supply of the voltage (+Vs/2), and then 

15 the switch SW5 is turned ON. In this manner, before the voltage being applied to the scanning electrode Y is returned 
to the ground level, the voltage being applied to the common electrode X is returned to the ground level. 
[0146] At the next timing, all the five switches SW1 to SW5 on the common electrode X side and the five switches 
SWr to SW5' on the scanning electrode Y side are OFF. Switch control completely reverse to the above on the 
common electrode X side and the scanning electrode Y side, is then performed so that the negative voltage (-Vs/2) 
with a large pulse width is applied to the common electrode X side and the positive voltage (+Vs/2) with a pulse 

20 width smaller than that of tt.^ ::cgative voltage on the common electrode X side, is applied to the. scanning electrode 
Y side. After this, the same controls are repeated alternately. „ 
[0147] Fig 23 is a timing chart showing an example of control of the switches SW1 to SW5 and SW1 to SW5 to 
generate the waveforms on the electrodes X and Y shown in Fig. 16. In this example of Fig. 23. it is assumed that, by 
processing in the preceding subfield. the charges corresponding to the voltage (ys/2) are stored in either of the 
capacitors 01 and C4 on the common electrode X side and the scanning electrode Y side. 

25 [0148] In a sustain discharge period, on the common electrode X side, at first, the switches SW1, SW3. and SW4 
are OFF and the remaining switches SW2 and SW5 are ON. This makes the state that the negative voltage (.Vs/2) is 
being applied to the common electrode X. Also on the scanning electrode Y side, at first, the switches SW1 . SW3 . 
' and SW4' are OFF and the remaining switches SW2' and SW5' are ON. and this makes the state that the negative 
voltage (-Vs/2) is being applied to the scanning electrode Y. 

[0149] At the next timing, on the common electrode X side, after the switch SW5 is tumed OFF to stop the supply 
of the voltage (.Vs/2). the switch SW4 is turned ON. The voltage being applied to the common electrode X is thereby 
returned to the ground level. Further, after the switches SW2 and SW4 are turned OFF. the switches SW1. SW3, and 
SW4 are turned ON. At this time, the remaining switches SW2 and SW5 are kept OFF. ^ u 

[0150] in this manner, on the common electrode X side, the first signal line OUTA is raised to the voltage 
level (+VS/2) applied through the switch SW1. The voltage (+Vs/2) of this first signal line OUTA is output on the 
output line OUTC through the switch SW4 to be applied to the load 20. At this time, the scanning electrode Y is kept 
in the state that the negative voltage (-Vs/2) is being applied thereto. Consequently, the difference voltage (Vs) is 
applied between the electrodes X and Y of the load 20. and a sustain discharge occurs. . ^ , 

[01 51] At this stage, the switches SW1 and SW3 are ON. and so the capacitor C1 is connected to the power 
supply Thus the capacitor CI stores the charges coresponding to.the voltage (Vs/2) applied through the switch SW1. 
[0152] After applying the difference voltage (Vs) to the load 20 for the sustain discharge, on the common 

40 electrode X side, the switch SW4 is turned OFF to stop the supply of the voltage (+Vs/2)- and then the switch SW5 is 
turned ON to return the voltage being applied to the common electrode X, to the ground level. Further, ail the 
switches SW1 to SW5 are once set OFF. and then the switches SW2 and SW5 are tumed ON. ^ ^ 

[0153] Since the switch SW2 is turned ON and the higher terminal side of the capacitor C1 is grounded, the 
second signal line OUTB falls to the potential (-Vs/2). which is lower than the ground level by the voltage (Vs/2 
corresponding to the charges stored in the capacitor C1. At this time, since the switch SW5 is ON. the voltage (-Vs/2) 

^5 of the second signal line OUTB is applied to the load 20 through the output line OUTC. ^ 

[0154] After the positive voltage (+Vs/2) is applied to the common electrode X, and the voltage being applied to 
the common electrode X is again returned to the negative voltage (-Vs/2), the same switching control is performed 
also on the scanning electrode Y side. By this control, also on the scanning electrode Y side performed is the 
operation of applying. the positive voltage (+Vs/2) and then retuming to the state that the negative voltage (-Vs/2). 
is again applied. After this, the same controls are repeated alternately. 

[0155] Fig 24 is a timing chart showing an example of control of the switches SW1 to SW5 and SW1 to SW5 to 
generate the waveforms on the electrodes X and Y shown in Fig. 17. In this example of Fig. 24, it is assumed that, by 
processing in the preceding subfield, the charges corresponding to the voltage (Vs/2) are stored in either of the 
capacitors C1 and C4 on the common electrode X side and the scanning electrode Y side. 

[0156] In a sustain discharge period, on the common electrode X side, at first, the switches SW1. SW3. and SW4 
5^ are ON and the remaining switches SW2 and SW5 are OFF. This makes the state that the positive voltage (+Vs/2) is 
being applied to the common electrode X. Also on the scanning electrode Y side, at first, the switches SW1 . SW3, 
and SW4' are ON and the remaining switches SW2' and SW5' are OFF. and this makes the state that the positive 
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voltage (+Vs/2) is being applied to the scanning electrode Y. 

[0157] At this stage, the switches SW1 and SW3 on the common electrode X side are ON, and so the capacitor C1 
is connected to the power supply. Thus the capacitor C1 stores the charges corresponding to the voltage (Vs/2) 
applied through the switch SW1, Similarly, since the switches SWr and SW3' on the scanning electrode Y side are ON, 
and so the capacitor C4 is connected to the power supply, the capacitor C4 stores the charges corresponding to the 
voltage (Vs/2) applied through the switch SW1'. 

[0158] At the next timing, on the common electrode X side, the switch SW4 is tumed OFF to stop the supply of 
the voltage {+Vs/2). and then the switch SW5 is turned ON to return the voltage being applied to the common electrode 
X, to the ground level. Further, ail the switches SW1 to SW5 are once set OFF. and then the switches SW2 and SW5 
are turned ON. 

[0159] Since the switch SW2 is turned ON and the first signal line OUTA is grounded, the second signal line OUTB 
falls to the potential (-Vs/2). which is lower than the ground level by the voltage (Vs/2) corresponding to the 
charges stored in the capacitor C1. At this time, since the switch SW5 is ON. the voltage (-Vs/2) of the second 
signal line OUTB is applied to the load 20 through the output line OUTC. 

[0160] At this time, the scanning electrode Y is kept in the state that the positive voltage (+Vs/2) is being 
applied thereto. Consequently, the difference voltage (Vs) is applied between the electrodes X and Y of the load 20. 
and a sustain discharge occurs. After applying the difference voltage (Vs) to the load 20 for the sustain discharge, 
on the common electrode X side, the switch SW5 is turned OFF to stop the supply of the voltage {-Vs/2). and then the 
switch SW4 is turned ON to retum the voltage being applied to the common electrode X. to the ground level. 
[0161] Further, all the switches SW1 to SW5 are set OFF. and then the switches SW1, SW3. and SW4 are turned 
ON. At this time, the remaining switches SW2 and SW5 are kept OFF. The positive voltage (+Vs/2) is thereby applied to 
the common electrode X again. 

[0162] After the negative voltage (-Vs/2) is applied to the common electrode X, and the voltage being applied to 
the common electrode X ic z^J^\n returned to the positive voltage (+Vs/2), the same switching control is performed 
also on the scanning electrode Y side. By this control, also on the scanning electrode Y^e, perfocmed is the 
operation of applying the negative voltage (-Vs/2) and then returning to the state that the positive voltage (+Vs/2) 
is again applied. After this, the same controls are repeated alternately. 

[0163] Fig. 25 is a timing chart showing an example of control of the switches SW1 to SW5 and SWr to SW5' 
to generate the wavefomns on the electrodes X and Y shown in Fig. 18. In this example of Fig. 25, it is assumed that, 
by processing in the preceding subfield, the charges corresponding to the voltage (Vs/2) are stored in either of the 
capacitors 01 and C4 on the common electrode X side and the scanning electrode Y side. 

[0164] In a sustain discharge period, on the common electrode X side, at first, the switches SW1, SW3. and SW4 
are OFF and the remaining switches SW2 and SW5 are ON. This makes the state that the negative voltage (-Vs/2) is 
being applied to the common electrode X. Also on the scanning electrode Y side, at first, the switches SWr, SW3', 
and SW4' are OFF and the remaining switches SW2' and SW5* are ON, and this makes the state that the negative 
voltage (-Vs/2) is being applied to the scanning electrode Y. 

[0165] At the next timing, on the common electrode X side, after the switch SW5 is turned OFF to stop the supply 
of the voltage .{-Vs/2), the switch SW4 is turned ON. The voltage being applied to the common electrode X is thereby 
returned to the ground level. Further, after the switch SW2 is turned OFF, the switches SW1 and SW3 are turned ON. 
At this time, the remaining switches SW4 and SW5 are kept ON and OFF. respectively. 

[0166] ^ In this manner, on the common electrode X side, the first signal line OUTA is raised to the voltage level 
(+VS/2) applied through the switch SW1. The voltage (+Vs/2) of this .first signal line OUTA is output on the output line 
OUTC through the switch SW4 to be applied to the load 20. At this time, the scanning electrode Y is kept in the state 
that the negative voltage (-Vs/2) is being applied thereto. Consequently, the difference voltage (Vs) is applied 
between the electrodes X and Y of the load 20, and a sustain discharge occurs. 

[0167] At this stage, the switches SW1 and SW3 are ON. and so the capacitor CI is connected to the power 
supply. Thus the capacitor CI stores the charges corresponding to the voltage (Vs/2) applied through the switch SW1. 
[0168] After applying the difference voltage (Vs) to the load 20 for the sustain discharge, on the scanning 
electrode Y side, the switch SW5' is turned OFF to stop the supply of the voltage (-Vs/2), and then the switch SW4' 
is turned ON to retum the voltage being applied to the scanning electrode Y, to the ground level. Further, the 
switch SW2' is tumed OFF, and then the switches SWr and SW3' are turned ON. At this time, the remaining switches 
SW4' and SW5' are kept ON and OFF, respectively. 

[0169] In this manner, on the scanning electrode Y side, the voltage of the third signal line OUTA* is raised to 
the voltage level (+Vs/2) applied through the switch SWr. The voltage (+Vs/2) of this third signal line OUTA' is 
output on the output line OUTC through the switch SW4' to be applied to the load 20. At this time, the common 
electrode X is kept in the state that the positive voltage (+Vs/2) is being applied thereto. Consequently, both 
electrodes X and Y of the load 20 are at the same potential. 

[0170] Next, on the scanning electrode Y side, the switch SW4' is tumed OFF to stop the supply of the voltage 
(+VS/2), and then the switch SW5' is tumed ON to return the voltage being applied to the scanning electrode Y, to 
the ground level. Further, the switches SWr and SW3' are turned OFF, and then the switch SW2' is turned ON: At this 
time, the remaining switches SW4' and SW5' are kept OFF and ON, respectively. 

[0171] Since the switch SW2' is turned ON and the first signal line OUTA' is grounded, the voltage of the fourth 
signal line OUTB' falls to the potential (-Vs/2), which is lower than the ground level by the voltage (Vs/2) 
corresponding to the charges stored in the capacitor 04. At this time, since the switch SW5' is ON, the voltage (- 
Vs/2) of the fourth signal line OUTB* is applied to the load 20 through the output line OUTC. 

[0172] On the common electrode X side, the switch SW4 is tumed OFF synchronously with the switch SW4* on the 
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scanning electrode Y side beirl& turned OFF. Ttie supply of the voltage {+Vs/2) is thereby stopped to make the common 
electrode X at a high impedance. Further, the switch SW5' is turned ON. The voltage of the common electrode X is 
thereby returned to the ground level by a function of the capacitance of the load 20, synchronously with the timing at 
which the voltage (+Vs/2) on the scanning electrode Y side is lowered to the ground level. After this, the switches 
SW1 and SW3 are turned OFF synchronously with the switches SWT and SW3' on the scanning electrode Y side being 

5 raiTs] '^'^^ After this, the switch SW2 Is turned ON synchronously with the switch SW2' on the scanning electrode Y 
side being turned ON in the state that the switch SW5' is kept ON, In this manner, by the ftinction of the capacitance 
of the load 20, the voltage on the common electrode X side is lowered to the negative voltage (-Vs/2) with following 
the voltage on the scanning electrode Y side. ^ ^ , . ,. . ^ 

[0174] After the positive voltage (+Vs/2) is applied to the common electrode X, and the voltage being applied to 
the common electrode X is again returned to the negative voltage (-Vs/2), the same switching control is perfomied 

^° also on the scanning electrode Y side. By this control, also on the scanning electrode Y side, performed is the 
operation of applying the positive voltage (+Vs/2) and then returning to the state that the negative voltage (-Vs/2) 
is again applied. After this, the same controls are repeated alternately. , o,a,c -io^A/^.* e(A;c. 

[01 751 Fig 26 is a timing chart showing another example of control of the switches SW1 to SW5 and SW1 to SW5 
to generate the waveforms on the electrodes X and Y shown in Fig. 18. This example of Fig. 26 is almost the same as 

IS that of Fig. 25 described above, only except timings for turning the switches SW5 and SW5' ON. ,. ^ ^ 

[0176] More specifically, in the example of Fig. 25, the difference voltage (Vs) is applied between the 
electrodes X and Y to make a sustain discharge occur, and then both electrodes X and Y are set at the Vs level. After 
this the switches on the common electrode X side are set OFF to make a high impedance state on the common 
electrode X side. With following a voltage drop on the scanning electrode Y side, the voltage being applied to he 
• common electrode X is lowered from (+Vs/2) to the ground level, and then from the ground level to (-Vs/2)^ 

20 Contrastingly in the exam^t. or Fig. 26, the switches on the scanning electrode Y side are set OFF to make a high 
impedance state on the scanning electrode Y side, and the voltage being applied to the scanning electrode Y is 
lowered from (+Vs/2) to the ground level, and then from the ground level to (-Vs/2), with following a voltage drop on 

me common^ele(|rodej<^s^^^^ chart showina an example of control of the switches SW1 to SW5 and SWr to SW5' to 
generate the waveforms on the electrodes X and Y shown in Fig. 19. In this example of Fig. 27. it is assumed that, by 
25 processing in the preceding subfield, the charges corresponding to the voltage {Vs/2) are stored in either of the 
capacitors 01 and 04 on the common electrode X side and the scanning electrode Y side^ ^ 
[01 78] In sustain discharge period, on the common electrode X side, firstly, the switches SW1 . SW3. and SW4 are 
turned ON and the remaining switches SW2 and SW5 are kept OFF. The first signal line OUTA is thereby set at the 
voltage level (+Vs/2) applied through the switch SW1. The voltage (+Vs/2) of this first signal line OUTA is output on 
the output line OUTC through the switch SW4 to be applied to the load 20. • »h« „„w,=>r 

^° [0179] At this stage, the switches SW1 and SW3 are ON, and so the capacitor 01 is connected to the POwer 
supply- Thus the capacitor 01 stores the charges corresponding to the voltage (Vs/2) applied through the switch SW1 
[01 80]' On the scanning electrode Y side, the switch SW2* is turned ON at the same time when the switches SW1 
SW3, and SW4 on the common electrode X side are turned ON. A little after of this, the switch SW5 is also turned ON. 
Atthi'stime, the remaining switches SW,r.SW3'. and SW4' are kept OFF. ^ ^ .u .» f *h= 

[0181] Since the switch SW2' is thus turned ON and the first signal line OUTA' is grounded, the voltage of the 
fourth signal line OUTB' falls to the potential (-Vs/2). which is lower than the ground level by voltege (ys/2) 
corresponding to the charges stored in the capacitor 04. Since the switch SW5' is turned ON a little after of the 
switch SW2' the voltage (-Vs/2) of the fourth signal line OUTB' is applied to the load 20 through the output line 
OUTC The difference voltage (Vs) is then applied between the electrodes X and Y of the load 20. 
[0182] After applying the difference voltage (Vs) -to the load 20 for the sustain discharge, on the common 
electrode X side, the switch SW4 is turned OFF to stop the supply of the voltage (+Vs/2) and then the switch SW5 is 
turned ON to return the voltage being applied to the common electrode X. to the ground level At ttie next timing aH 
the switohes SW1 to SW5 on the common electrode X side are set OFF. Next the swteh SW2 's turned OK A httle 
after of this, the switah SW5' is also turned ON. At this time, the remaining switches SW1 . SW3 , and SW4 are kept 

mi83] Since the switch SW2 is thus tumed ON and the first signal line OUTA is grounded, the second signal line 
OUTB falls to the potential (-Vs/2). which is lower than the ground level by the voltage (Vs/2) corresponding to the 
Charges stored in the capacitor 01. Since the switah SW5 is tumed ON, the voltage (-Vs/2) of the second signal line 
OUTB is applied to the load 20 through the output line OUTC. « „ , . v r.■.r^^ 

[0184] On the scanning electrode Y side, at a timing before the switch SW5 on the common e ectrode X side is 
turned ON as described above, the switch SW5' is tumed OFF to stop the supply of the voltage (-Vs/2). The switah 
SW4' is then tumed ON to retum the voltage being applied to the scanning electrode Y, to the ground level. 
^° [0185] A little late after the switch SW5 on the common electrode X side is tumed ON as described above, the 
switohes SWr, SW3', and SW4' are tumed ON. The voltage being applied to the scanning electrode Y is raised to the 
positive voltage (+Vs/2). By the above operation, the timing, of applying the positive and negative voltages (*^s/2) 
to the common electrode X can be always eariier than that of applying the positive and negatve voltages (f«]s/2) to 

the scanning electrode Y. . o««.er j c^^A/<• exA/c 

[0186] Fig. 28 is a timing chart showing an example of control of the switches SW1 to SW5 and SW1 to SW5 to 
generate the waveforms on the electrodes X and Y shown in Fig. 20. In this example of Fig. 28, it is assumed that, by 
processing in the preceding subfield, the charges corresponding to the voltage (Vs/2) are stored in either of the 



EP 106S6S0 Printed from Mimosa 03/08/26 14:33:07 Page: 18 



EP 1 065 650 A2 

capacitors C1 and OA on the cc^mmon electrode X side and the scanning electrode Y side. 

[0187] In sustain discharge period, on the scanning electrode Y side, firstly, two switches SW2' and SW5' are 
turned ON and the remaining switches SWr, SW3', and SW4' are kept OFF. Since the switch SW2' is turned ON and 
the first signal line OUTA' is grounded, the voltage of the fourth signal line OUTB' falls to the potential (-Vsy2), 
which is lower than the ground level by the voltage (Vs/2) corresponding to the charges stored in the capacitor C4. 
At this time, since the switch SW5' is turned ON simultaneously with the switch SWZ. the voltage {-Vs/2) of the 
fourth signal line OUTB' is applied to the load 20 through the output line OUTCV 

[0188] On the common electrode X side, firstly, the switches SW1. SW3, and SW5 are ON. and the remaining 
switches SW2 and SW4 are OFF. After the switches SW2' and SW5' on the scanning electrode Y side are turned ON, 
the switch SW5 is tumed OFF. and then the switch SW4 is turned ON. That is, the switches SW1, SW3, and SW4 are 
set ON, and the switches SW2 and SW5 are set OFF. 

[0189] The first signal line OUTA is thereby raised to the voltage level (+Vs/2) applied through the switch SW1. 
The voltage (+Vs/2) of this first signal line OUTA is output on the output line OUTC through the switch SW4, which 
has been turned ON at the proper timing, to be applied to the load 20. Thus the difference voltage (Vs) is applied 
between the electrodes X and Y of the load 20 to cause a sustain discharge. 

[0190] At this stage, the switches SW1 and SW3 are ON, and so the capacitor 01 is connected to the power 
supply. Thus the capacitor C1 stores the charges corresponding to the voltage {Vs/2) applied through the switch SW1. 
[0191] After applying the difference voltage {Vs) to the load 20 for the sustain discharge, on the scanning 
electrode Y side, the switch SW5* is turned OFF to stop the supply of the voltage (-Vs/2), and then the switch SW4' 
is turned ON to return the voltage being applied to the scanning electrode Y, to the ground level. Further, the switch 
SW2' is turned OFF, and then the switches SWr and SW3' are tumed ON. At this time, the remaining switches SW4' 
and SW5' are kept ON and OFF, respectively. 

[0192] In this manner, on the scanning electrode Y side, the voltage of the third signal line OUTA' is raised to 
the voltage level (+Vs/2y c^yWed through the switch SW1'. The voltage (+Vs/2) of this third signal line OUTA' is 
output on the output line OUTC through the switch SW4' to be applied to the load 20. At this time, the -common 
electrode X is kept in the state that the positive voltage (+Vs/2) is being applied thereto. Consequently, both 
electrodes X and Y of the load 20 are at the same potential. 

[0193] Next, on the scanning electrode Y side, the switch SW4' is turned OFF to stop the supply of the voltage 
(+Vs/2). and then the switch SW5' is turned ON to return the voltage being applied to the scanning electrode Y, to 
the ground level. 

[0194] On the common electrode X side, the switch SW4 is turned OFF synchronously with the switch SW4' on the 
scanning electrode Y side being tumed OFF. At this time, since the switch SW5 is also OFF. the common electrode X 
becomes an high impedance state. In this manner, by the function of the capacitance of the load 20. the voltage on 
the common electrode X side is lowered . to the ground levei with following the voltage on the scanning 
electrode Y side. 

[0195] After the negative and positive voltages (-Vs/2) and (+Vs/2) are respectively applied to the scanning and 
common electrodes Y and X to return the voltages of both electrodes X and Y to the ground level, switching control to 
the contrary is performed successively, thereby applying the positive and negative voltages (+Vs/2) and {-Vs/2) to 
the scanning and ' common electrodes Y and X sides, respectively. After this, 
the same controls are repeated altemately. 

[0196] Fig. 29 is a timing chart showing another example of control of the switches SW1 to SW5 and SWr to SW5* 
to generate the waveforms on the electrodes X and Y shown in Fig. 20. This example of Fig. 29 is almost the same as 
that of Fig. 28 described above, only except timings for turning the switches SW5 and SW5' ON. 

[0197] More specifically, in the example of Fig. 28, after the difference voltage (Vs) is applied between the 
electrodes X and Y to make a sustain discharge occur, the switches SW4 and SW5 on the common electrode X side are 
set OFF to make a high impedance state on the common electrode X side. The voltage being applied to the common 
electrode X is lowered to (-Vs/2) with following the voltage drop on the scanning electrode Y side. Contrastingly in 
the example of Fig. 29, the switches SW4' and SW5' on the scanning electrode Y side are set OFF to make a high 
impedance state on the scanning electrode Y side, and the voltage being applied to the scanning electrode Y is 
lowered to {-Vs/2) with following the voltage drop on the common electrode X side. 

[0198] Fig. 30 is a circuit diagram showing another example of construction of a driving apparatus according to 
this first embodiment. In Fig. 30, the components denoted by the same references as those in Fig. 9 or 12 have the 
same functions as those in Fig. 9 or 12, respectively. Thus the repetitive descriptions thereof will be omitted. Fig. 
26 illustrates only the constnjction on the scanning electrode Y side in detail, but the power supply circuit 43 and 
the driver circuit 44 on the common electrode X side also have substantially the same constructions as the power 
supply circuit 43' and the driver circuit 44' on the scanning electrode Y side. 

[0199] This example uses two capacitors C4 and C5 for storing charges on the scanning electrode Y side, and 
differs on this point from the example of Fig. 12 that uses only one capacitor C4. For example, an electrolytic 
capacitor and a film capacitor may be used as one capacitor C4 and the other capacitor C5, respectively. Use of such 
a film capacitor 05 in addition to an electrolytic capacitor 04 affords a stable operation even in a high frequency 
range. Besides, even in a low temperature condition in which the electrolytic capacitor 04 is hard to operate as a 
capacitance, the film capacitor C5 can compensate the operation. In case of the example of Fig. 5 using only one 
capacitor C4, the capacitor C4 may be either a film capacitor or an electrolytic capacitor. 

[0200] Fig. 31 is a timing chart showing a specific example of driving waveforms in a sustain discharge period 
by the driving apparatus constmcted as in Fig. 30. In Fig. 31, the parts shown by double lines in the driving 
waveforms of the third and fourth signal lines OUTA' and OUTB' and the output line OUTC, corespond to low 
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impedance periods, i.e., periods in which any of the switches SW1' to SW5' is ON. 

[0201] The features that, by switching operation of three switches SWr to SW3'. the voltage on the third signal 
line OUTA' Is swung between the positive voltage (+Vs/2) and the ground level, and the voltage on the fourth signal 
line OUTB* is swung between the ground level and the negative voltage (-Vs/2). and that the positive or negative 
voltage applied to the first or second signal line OUTA' or OUTB' is selectively output on the output line OUTC by 
switching operation of two switches SW4' and SW5', are as described above. Thus their detailed description will be 
omitted here. 

[0202] It should be noted in Fig. 31 that the switch SW4' or SW5' is turned ON after the voltages of the first 
and second stgnai lines OUTA' and OUTB' are fixed by switching operation of the three switches SWr to SW3'. That is, 
in this example of Fig. 31. the timings of actually applying voltages to the load 20 are determined by the timings of 
turning the switches SW4' and SW5' ON. 

[0203] Fig, 32 is a timing chart showing another example of driving waveforms in a sustain discharge period by 
the driving apparatus constmcted as in Fig. 30. It should be noted in Fig. 32 that the switch SW4' or SW5' is turned 
ON in advance before the voltages of the first and second signal lines OUTA' and OUTB' are fixed by switching 
operation of the three switches SW1' to SW3'. 

[0204] In this manner, the moment that the positive or negative voltage is output on the first or second signal 
lines OUTA' or OUTB' by switching operation of the three switches SWI' to SW3'. either voltage can immediately be 
applied to the load 20. This makes it possible to shorten the useless period in which any of the switches SWr to 
SW5' are OFF, and to achieve a higher-speed operation than that in Fig. 31. 



(Second Embodiment) 

[0205] Next, the second embodiment of the present invention will be described. 
20 [0206] Fig. 33 is a circuit diagram showing an example of construction of a driving apparatus according to this 

second embodiment. In Fig. 33, the components having the same functions as those in Fig. 9 are denoted by the same 

references as those in Fig. 9, respectively. Thus the repetitive descriptions thereof will be omitted. 

[0207] In the driving apparatus shown in Fig. 9. the switch SW4 is provided in the driver circuit 44. and it and 

the switch SW5 are connected in series between both terminals of the capacitor 01 in the power supply circuit 43. 

Contrastingly in this second embodiment shown in Fig. 33. the switch SW4 is provided in the power supply circuit 43, 
25 and connected between one terminal of the capacitor 01 and the first signal line OUTA. The other construction is the 

same as that in Fig. 9. 

[0208] This second embodiment shown in Fig. 33 is the same as the first embodiment on the point that the 
switches SWI, SW3, and SW4 are turned ON in order to apply the positive voltage (+Vs/2) to the load 20 through the 
output line OUTC, thereby charging the capacitor C1. This second embodiment is the same as the first embodiment also 
on the point that the switches SW2 and SW5 are turned ON in order to apply the negative voltage (-Vs/2) to the load 
20 through the output line OUTC by using the charges stored in the capacitor C1. For this purpose, vanous patterns 
of driving waveforms like those described in the first embodiment can be used to be applied to the common and 
scanning electrodes X and Y. 

[0209] According to this second embodiment thus constructed, the total voltage drop caused by a current flowing, 
through switches when either voltage is applied to the load 20 can be made small, and so the power loss is 
35 suppressed. More specifically, when the positive voltage (+Vs/2) is applied to the load 20, a current flows through . 
two switches SWI and SW4 in case of the first embodiment. Contrastingly in this second embodiment, the current flows 
through only one switch SW1 to apply the positive voltage (+Vs/2) to the load 20. Hence, the voltage drop can be 
decreased by the degree corresponding to one switch. 

[0210] Fig. 33 shows the example that either of the power supply circuit 43 and the driver circuit 44 is 
constructed as a common circuit for ail display lines provided in the POP. But, as for the driver circuit 44, it may 

40 be alternatively constmcted into an LSI that is provided with such a driver circuit for every display line, as the 
eighth and ninth embodiments of the present invention, which will be described later. Such a driver circuit 44 with 
LSI structure requires two switches SW4 and SW5 for every display line in case of the first embodiment But the same 
according to this second embodiment only requires one switch SW5 for every display line, thereby considerably 
decreasing the total number of switches. This affords a reduced circuit scale and a cost reduction. 
[0211] Fig. 34 is a circuit diagram showing another example of construction of a driving apparatus according to 

45 this second embodiment. In Fig. 34, the components having the same functions as those in Fig. 30 are denoted by the 
same references as those in Fig. 30, respectively. Thus the repetitive descriptions thereof will be omitted. 
[0212] In this example of Fig. 34, the switch SW4' is provided in the power supply circuit 43'. and connected 
between one terminal of each of the capacitors 04 and 05, and the third signal lines OUTA'. The switches SWI'. SW4'. 
and SW2' are connected in series between the power supply line of the voltage (Vs/2) and the ground line. The other 
construction is the same as that in Fig. 30. 

[0213] Fig. 35 is a timing chart showing a specific example of driving waveforms in a sustain discharge penod 
by the driving apparatus constructed as in Fig. 34. 

[0214] The basic operations for alternately applying the positive and negative voltages (1^3/2) on the output 
line OUTC by switching control of the five switches SWI' to SW5' are the same as those in the first embodiment 
described above. Thus the detailed description thereof will be omitted here. 
55 [0215] It should be noted in Fig. 35 that, when three switches SWI', SW3'. and SW4' are turned ON in order to 
output the positive voltage (+Vs/2) on the output line OUTO. the timing of tuming the switch SW3* ON is cleariy 
eariler than the timing of turning the switches SWI' and SW4* ON. 
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[0216] In case of controtiing two or more switches to be changed at a time, those switches may not always 
simultaneously change due to various causes including unevenness in manufacturing elements, and there is a little 
time difference. In such a case, it is no problem if the timing of turning the switch SW3' ON is shifted to be 
earlier than the timing of turning the switches SWr and SW4' ON. However, delay of the timing of turning the switch 
SW3' ON may cause a bad operation of the circuit. For this reason, in this example of Fig. 31. the timing of turning 
the switch SW3' ON is set to be clearly eariier, thereby insuring a stable operation of the circuit. 

[0217] Besides in this example of Fig. 35, when two switches SW2' and SW5' are turned ON in order to output the 
negative voltage (-Vs/2) on the output line OUTC. the timing of turning the switch SW2 ON is set to be cleariy 
eariier than the timing of turning the switch SW5' ON. 

(Third Embodiment) . . 



[0218] Next, the third embodiment of the present invention will be described. 
[0219] Fig. 36 is a circuit diagram showing an example of construction of a driving apparatus according to this 
third embodiment. In Fig. 36, the components having the same functions as those in Fig. 9 are denoted by the same 
. references as those in Fig. 9, respectively. Thus the repetitive descriptions thereof will be omitted. 

[0220] In the driving apparatus shown in Fig. 9, the switch SW5 is provided in the driver circuit 44, and it and the 
15 switch SW4 are connected in series between both terminals of the capacitor 01 in the power supply circuit 43. 
Contrastingly in this third embodiment shown in Fig. 36, the switch SW5 is provided in the power supply circuit 43, 
and connected between the other terminal of the capacitor 01 and the second signal line OUTB. The other constmction 
is the same as that in Fig. 9. 

[0221] In this third embodiment shown in Fig. 36, for applying the positive voltage (+Vs/2) to the load 20 
through the output line OUTC. the switches SW1 and SW4 are turned ON for example. Besides, for applying the 

20 negative voltage (-Vs/i; Ij the load 20 through the output line OUTC by using the charges stored in the capacitor C1, 
the switches SW2 and SW5 are turned ON. For this purpose, various patterns of driving waveforms like-those-described 
in the first embodiment can be used to be applied to the common and scanning electrodes X and Y. 
[0222] According to this third embodiment thus constructed, the total voltage drop caused by a current flowing 
through switches at each timing when the capacitor of the load 20 is discharged, can be made small, and so the power 
loss is suppressed. More specifically, when the charges stored in the load 20 are eliminated to the ground line to 

25 return the load 20 from the positive voltage (+Vs/2) to the ground level, the current flows through two switches SW5 
and SW3 in case of the first embodiment. Contrastingly in this third embodiment, the current flows through only one 
switch SW3 to discharge the load 20. Hence, the voltage drop can be decreased by the degree corresponding to one 
switch in comparison with the first embodiment. 

[0223] Besides, in case of the driver circuit 44 constructed into an LSI as the eighth and ninth embodiments of 
the present invention which will be described later, it requires two switches SW4 and SW5 for every display line in 
case of the first embodiment. But the same according to this third embodiment only requires one switch SW5 for every 
display line, thereby considerably decreasing the total number of switches. This affords a reduced circuit scale and 
a cost reduction. 

[0224] Fig. 37 is a circuit diagram showing another example of construction of a driving apparatus according to 
this third embodiment. In Fig. 37, the components having the same functions as those in Fig. 30 are denoted by the 
35 same references as those in Fig. 30, respectively. Thus the repetitive descriptions thereof will be omitted. 

[0225] In this example of Fig. 37, the switch SW5' is provided in the power supply circuit 43', and connected 
between the other terminal of each of the capacitors C4 and C5, and the fourth signal lines OUTB'. The other 
construction is the same as that in Fig. 30. . 

[0226] Fig. 38 is a timing chart showing a specific example of driving waveforms in a sustain discharge period 
by the driving apparatus constructed a? in Fig. 37. 
40 [0227] The basic operations for altemately applying the positive and negative voltages (f*js/2) on the output 
line OUTC by switching control of the five switches SWV to SW5* are the same as those in the first embodiment 
described above. Thus the detailed description thereof will be omitted here. 

[0228] It should be noted in Fig. 38 that the switches SW3' and SW5' are not turned ON when the switches SWI' 
and SW4' are turned ON to apply the positive voltage (+Vs/2) to the load 20, but those switches SW3' and SW5' are 
turned ON when the charges stored in the load 20 by the application of the positive voltage (+Vs/2) are eliminated to 
return the voltage being applied, to the ground level. In this example of Fig. 38, by keeping the switch SWr ON till 
the switch SW3' is turned ON, the capacitors C4 and C5 are charged at the timing of discharging the load 20. In this 
manner, changeover of each of the switches SWV to SW5' can be made more effectively without useless. 
[0229] Besides, in this example of Fig. 38, the timing of turning the switch SWr ON is clearly eariier than the 
timing of turning the switch SW4' ON. This is for insuring a stable operation of the circuit like the second 
embodiment described with Fig. 35, by the manner that not the changeover timings of the switches SWr and SW4' are 
set at the same timing but the timing of turning the switch SW1' ON is set to be cleariy eariier. 
[0230] Also in this example of Fig. 38, when two switches SW2' and SW5' are turned ON in order to output the 
negative voltage (-Vs/2) on the output line OUTC, the timing of turning the switch SW2' ON is set to be cleariy 
eariier than the timing of turning the switch SW5' ON. 

55 (Fourth Embodiment) 

[0231] Next the fourth embodiment of the present invention will be described. 
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5rg?S\rf,tr.t?°v5tSf?hfa7^^^^^ S 5?r,nTt vlltage used m a period other then such a 

sustain discharge period can be generated by "^'^ °'^lf^°'?^^^l,^ constmction of a driving apparatus according to 
r02361 Fiq 40 is a c rcuit diagram showing another example "^^^ . p.^^ on and 39 are denoted 

FS^mf S^s ?s tosT rr^"^ - ^3S»'S;»V.5^^^ 

vjn he '^«^- ^ 45. having the same construcUon as the above^eschBed 

|^roui.«on™ne^^^^^^^^ 

K,'*Tp1S1!;T;S<Ss'Ss''S, me vctages output on the firs, and second signal lines OUTA' and 
blJTB'whenthes»«tchesSW6-andSVV7-oftheolJetdju«4^^^^^^^ „^ 
25 [02401 Referhng to Fig. 41 . «heh the switch SW6 of the "^"J « ^ level and (-Vsn). the 

voltages of the Ihird and fouim signal mes OUTA anO OUTB ^'^^^'^J^ . „3 ,.Vs;2 ♦ Vbp). respectively. 
C',Si°rn:?s2 "STtu^eTofF^I^d 'thi ^S. S^'T^ 'oN. 1 voliges of the third and 
^r°h SeTe^po^nSir^^=SS S^J^S^Z^ .mes OUTA and OUTB' is always 

E!st::2se=ri'a^L^r^e^2orrjn?=^ 

(Fifth Embodiment) 

[0243] Next, the fifth embodiment of the present ■'nve"tion v^ll J!^ <1«^'=;^«'^^^ vs/2 + Vw) to the scanning 

0244] in this fifth embodiment "l^^P^'^S | Sloe to the scanning electrode Y in an 

»mSjmrrFS«^rASvS|£^ 

s;=e=„i^s';^."o,^Sci^de^rri^,pS^n'5^^^^^ 

[02461 In this example of Fig. 42, a crcuit for applying ? 'SS? je^;„ pov»r supply line Vw for 

irr:ate*^^v^»;» 

l°V?r23,J"twrdiSr?^t^T%;?ffd^^^^ 

voltage being applied to the scanning electrode Y, obtuse by the '^"5"°" ^ .. . 5^5. 
trans^torTr21.This transistor Tr21 and the resistor R2 are connec^ed^^^^^ ^^.^^,3 
[0248] The transistors Tr22 and Tr23 are for Q-ving the P^^f "^f^„^7f ^"^^^^^ period the switches 

he sian driver sr in address period. This is by the J^i.^lb/b^^^^^ accordance 

SW2' and SW5' are turned ON. The upper f Vi^'^l thl TnwefsWe vo tage of the s 31' also becomes (- 

^KVrSoroTr^^^^^^^^^^ ^T-.ThrfhrpSafifference (V.2) can not be given 

"^nS^ngJ^rad^e^^^^^^^^^^^^^^^ StSer^tS^n^^^^^^^^ 
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capacitor C4 is thereby applied to the lower side of the scan driver 31*. In outputting a scan pulse by the scan 
driver 31', the negative voltage (-Vs/2) can be applied to the scanning electrode Y. 

[0250] One diode D16 is used when a current is made to flow from the scan driver 31* to the ground at the timing 
of applying the positive voltage (+Vs/2) to the common electrode X. For the cun*ent flowing from the scan driver 31* 
to the ground, a route In case of turning the switch SW2' ON and a route in case of turning the switches SW3* and 
SW5' ON are present. In this example, however, the diode D16 is provided in the middle of the route on the switch 
SW2' side so that the current may be made to flow through the switch SW2' to the ground. In this manner, the total 
voltage drop caused by the current flowing through switches, can be made 
small, and so the power loss is suppressed. 

[0251] The other diode D17 is used when a current is made to flow from the ground to the scan driver 31' at the 
timing of returning the voltage being applied to the common electrode X, from the positive voltage (+Vs/2) to the 
ground level. For the current flowing from the ground to the scan driver 31', thinkable are the route through the 
switch SW3'. the fourth signal line OUTS', and the diode D17, and the route through the switch SWZ. the third signal 
line OUTA'. and the switch SW4'. In this example, however, the diode D17 is provided so that the curent may be made 
to flow through this route. The number of stages of switches to pass through is thereby reduced, and the total 
voltage drop can be made small. 

[0252] Fig. 43 is a timing chart showing driving waveforms on the scanning electrode Y side by the driving 
15 apparatus constructed as in Fig. 42. which shows only the reset and sustain discharge periods in one subfield. 

[0253] Referring to Fig. 43, in reset period, the switches SWr and SW3' are turned ON to accumulate the charges 
con-esponding to the voltage (Vs/2) in the capacitor C4. After this, the switches SWr and SW3' are turned OFF. and 
then the switch SW9' as well as the switch SW4' is turned ON. The voltage of the third signal line OUTA' is thereby 
raised to the voltage level corresponding to the sum of the voltage (Vs/2) of the capacitor C4 and the voltage Vw of 
the fourth signal line OUTB'. The voltage (Vs/2 + Vw) is applied to the scanning electrode Y of the load 20. At this 
20 time, as shown in Fiy. wG. the voltage rises gradually by the function of the resistor R1 provided in the switch SW9'. 

[0254] At this time, by applying the negative voltage (-Vs/2) to the common electrode X, the potential 
difference between the common and scanning electrodes X and Y becomes (Vs + Vw). The same potential difference 
as the full write pulse shown in the reset period of Fig. 3 can be thereby applied between the common and scanning 
electrodes X and Y. In this case, the voltage applied to the element of the switch SW9' is Vw at most. Thus the 
breakdown voltage of this element may be set at Vw, and it can be held down to a considerably low value in comparison 
25 with its breakdown voltage in previously-considered apparatus. 

[0255] Besides, since the voltages between the third and fourth signal lines OUTA' and OUTB' and between the 
first and second signal lines OUTA and OUTB are always Vs/2 or less, the breakdown voltage of each of the switches 
SW4', SW5'. SW4, and SW5, and the scan driver 31' may be Vs/2 or more. This makes it possible to apply the full write 
pulse' voltage (Vs + Vw) between the common and scanning electrodes X and Y using a circuit with a low breakdown 
voltage, and so realize a reduced cost in manufacturing. 

[0256] In the sustain discharge period, the switch SW9' is not turned ON, and the other switches SW1' to SW5' 
are controlled in the same manner as in the above embodiments so that the positive and negative voltages (f^s/2) are 
alternately applied to the scanning electrode Y of the load 20. 

[0257] Fig. 44 is a circuit diagram showing another example of construction of a driving apparatus according to 
this fifth embodiment. In Fig. 44, the components having the same functions as those In Fig. 42 are denoted by the 
35 same references as those in Fig. 42, respectively. Thus the repetitive descriptions thereof will be omitted. 

[0258] In this example of Fig. 44, a circuit for applying a voltage Vw* is provided on the scanning electrode Y 
side. More specifically, the switch SW9* is provided between the power supply line for the voltage Vw* and the fourth 
signal line OUTB'. This switch SW9' includes a resistor R1. This power supply voltage Vw* is greater than the voltage 
(Vs/2). For example, it has the same voltage value as the full write pulse voltage (Vs/2 + Vw> applied to the load 20 
in the reset period. 

40 [0259] In this construction, to apply the voltage Vw' to the load 20, the switch SW9' is turned ON. The voltage 
Vw' is thereby applied through the route of the diode D17 provided in parallel with the transistor Tr 23. and a diode 
. in the scan driver 31'. When the voltage Vw* is applied, all the switches other than the switch SW9' are OFF on the 
scanning electrode Y side. 

[0260] Fig. 45 is a timing chart showing driving waveforms of the POP by the driving apparatus constructed as in 
Fig. 44. Fig. 45 shows one of the subfields making up one frame. In this example of Fig. 45, it is assumed that, by 
45 processing in the preceding subfieid.. the charges corresponding to the voltage (Vs/2) are stored in either of the 
capacitors CI and 04 on the common electrode X side and the scanning electrode Y side. 

[0261] Firstly in reset period, on the common electrode X side, the switches SW2 and SW5 are turned ON, and the 
remaining switches SW1, SW3, and SW4 are kept OFF. The voltage of the second signal line OUTB is thereby lowered 
to (-Vs/2) in accordance with the charges stored in the capacitor CI. The voltage (-Vs/2) is output on the output 
line OUTC through the switch SW5 to be applied to the common electrode X of the load 20. 

[0262] On the scanning electrode Y side, the switch SW9' is turned ON, and the switches SW1' to SW4' are kept 
OFF. The voltage of the fourth signal line OUTB' is thereby raised to the level of the voltage Vw* (= Vs/2 + Vw) 
applied through the switch SW9'. The voltage Vw* is output on the output line OUTC through the diode D17 and the 
diode in the scan driver 31'. to be applied to the scanning electrode Y of the load 20. 

[0263] , Thus the potential difference between the common and scanning electrodes X and Y becomes (Vs + Vw). 
55 The same potential difference as the full write pulse shown in the reset period of Fig. 3 can be thereby applied 
between the common and scanning electrodes X and Y. In this case, the voltage applied to the element of the switch 
SW9' is Vw* = (Vs/2 + Vw) at most. Thus the breakdown voltage of this element may be set at (Vs/2 + Vw). and it can 
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be held down to a low value intomparison with its breakdown voltage in Pfeviously-cons.dered aPP?' f^^^ 

SW4'. SWS. SW4. and SW5. and the scan dnver ^^^^^J^^^^^^^^ an^Y S a dS w a low breakdown 

pulse voltage (Vs + Vw) between the common and scanning electrodes a ana t usiny d wiuu 

voltage, and so realize a reduced cost in manufacturing. «,^^trnHo v hw tnrninn the switch SW9' ON has 

fnlsT^^SllS the switches SW5 and SW4 oh the common de«rode X side are re!|>ealvely tumed OFF and ON 

rtJL. "Sg?cr;^^^^.«c,od.^^^^^ 'S.To"SthtfoS.'or£ 

rdire'sSTcSlw"?^'^? rv;rswl^»rt:i>^"0F'F'%r,S .wioh SWZ and U,, ,™ns,s,o, TR2, IS 

The voltage being applied to tl,= common electrode X Is '^^^^Jf^^^'^^Xii'Z^ tatlniJ^te 
20 Shile me voltage Jr.g applied to the scanning '^^''^J^/Vl^ T ^e 'wa. Sge. 

.discharges occur by applying the obtuse wave so 

charges are eliminated except part of them. ^.^^^^ y it ic ai^n nosslble to make the voltaqe be 

Lddrei. dischargee occir line-eoyenUall, « tlme^on « 5°"™" f g^'^^^'^^i^^^^ l£i OlJrA 

rTesrsrs r v^^ieTS'^*- sie'^^^ ^^yreta'/ar' °" 

" '5lrr=ripX/SSg?^oMrg-|lSf7»h^^^ 

i-i»^rr£;^s,rrntis^;srsT.r^^^^^ 

line OUTB' in accordance with the charges accumulated in the '^Pac'to'' C4 is ^PP"®° '° J^^t^ode Y of the load 20 

- T^^-^S^'^.r. Sn^^ieSrrrente^gS'e V . „0. s«eCd. 

the voltage at the ground level is applied to It. selectively applied to an address electrode Aj 

r02721 At this time, an address pulse of the voltage va is seieciiveiy address 

^ bsfa.rr.ra\rsffdiei,j^r^^^^ 

scanning electrodes X and Y of the selected cell. ^.^-.^nHPs Ai and Y is started by the potential difference 

[0273] The discharge between the address and ^/^anning electrodes Aj ^ ^^an the conventional 

kire:rersrtSin"thrir.?s^^^^^^^ 

and the voltage being applied reaches the discharge start voltage, the d^^^^^^^^ ^ ^ 

[02741 For this reason, the dnving apparatus according to t^'s emboaimeni '^^"^"^ ^ switching 
Slating the voltage -Vy in the address Period, unnke pno^jj^^f^^^^ fhTvolSgr-V af s°hown intS!' 
circuit such as the transistor Tr14 for disconnecting the P^J aDoaratuVaccor^^^ to this embodiment also 

Furthermore, as clearly when Figs. 45 and 3 are ^^^P^^^d, the d^ng appara^^^^ the Slss period. This makes it 
requires no power supply for generating the non-selection pulse voltage -vsc in me aaare:.;. ^J 
possible to simplify the circuit constn^ctlon accordingly. ,^.w.,2 and -Vs/2) in opposite phases to each 

[0275] After this, in the sustain discharge Pe"°d. the vojages (Ws/2 an^^^^^ J op^ p ^^^^ 
other are alternately applied to the common electrode X and the scanning eiectroae or edu k y 
sustain discharges occur, and an image display of one subfie d is made_ electrodes A1 to Am are kept at the 

[0276] During this sustain discharge period, the potentials of the aaoress eiei-uuuoa ^^ 
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ground level. In general, the *&ddress electrodes A1 to Am are preferably set at the middle potential between the 
voltages to be applied respectively to the common and scanning electrodes X and Y during the sustain discharge 
period. For this reason, in the conventional driving apparatus as shown in Fig. 3. the address electrodes A1 to Am 
must be set at (Vs/2) that is the middle potential between the common and scanning electrodes X and Y. Contrastingly 
in this embodiment, the middle potential between the common and scanning electrodes X and Y is the ground level. 
Thus it is not required to raise the potentials of the address electrodes A1 to Am to (Vs/2), and any circuit for that 
purpose may not be provided. 

[0277] Fig. 46 is a circuit diagram showing another example of construction of a driving apparatus according to 
this fifth embodiment. In Fig. 46, the components having the same functions as those in Fig. 44 are denoted by the 
same references as those in Fig, 44, respectively. Thus the repetitive descriptions thereof will be omitted. 
[0278] In the above example of Fig. 44, the circuit for applying the voltage Vw' is provided on the scanning 
electrode Y side. Contrastingly in the example of Fig. 46, on the common electrode X side, a switch SW10 with a 
resistor R3 is provided between the first signal line OUTA and the output line OUTC, and a switch SW1 1 with a 
resistor R4 and a power supply for a voltage Vwn are provided between the first signal line OUTA and the ground. 
[0279] By turning the switch SW10 ON, the positive voltage (+Vs/2) is gradually applied to the common electrode 
X of the load 20 by the function of the resistor R3. By turning the switch SW1 1 ON, the negative voltage (-Vwn) is 
gradually applied to the common electrode X of the load 20 by the function of the resistor R4. 
75 [0280] Fig. 47 is a timing chart showing driving waveforms on the common electrode X side by the driving 
apparatus constructed as in Fig. 46, which shows only the reset and sustain discharge periods in one subfield. 
[0281] Refen-ing to Fig. 47, in reset period, firstly by turning the switch SW11 ON. the negative voltage (-Vwn) 
is gradually applied to the common electrode X of the load 20. At this time, the switches SW2 and SW5 may be also 
turned ON so as to add the voltage (-Vs/2) by utilizing the charges stored in the capacitor C1, thereby applying the 
voltage -(Vwn + Vs/2). Next, the switches SW11 and SW5 are turned OFF, and the switches SW2 and SW4 are turned 
20 ON, so that the vui^cgc- of the common electrode X becomes the ground level. Next, by setting the switches SW2, SW4, 
SW5, and SW11 OFF, and the remaining switches SW1. SW3. and SW10 ON. the positive voltage (-t'Vs/2) -is gradually 
applied to the common electrode X of the load 20. 

[0282] In the subsequent sustain discharge period, the switches SW10 and SW1 1 are not turned ON, and the other 
switches SW1 to SW5 are controlled like the above embodiments so as alternately to apply the positive and negative 
voltages (i^s/2) to the common electrode X. 
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(Sixth Embodiment) 



[0283] Next, the sixth embodiment of the present invention will be described. 

[0284] In this sixth embodiment, a power recovery circuit is further provided for the circuit shown in each of 
the above first to fifth embodiments. 

[0285] Fig. 48 is a circuit diagram showing a specific example of construction of a driving apparatus according to 
this sixth embodiment. In this example of Fig. 48. circuits for applying the voltage Vw other than the voltage (Vs/2), 
like that of the fifth embodiment, are provided on both the common electrode X side and the scanning electrode Y 
side. Fig. 48 shows a construction for driving associated with not only a sustain discharge period but also reset and 
address periods. In Fig. 48, the same references as in Fig. 4 denote the same parts as in Fig. 4. 
35 [0286] Referring to Fig. 48. on the common electrode X side, the switches SW1 and SW2 are connected in series 
between the ground (GND) and the power supply line of the voltage (Vs/2). The node between the switches SW1 and 
SW2 is connected to one tenninal of the capacitor C1. The switch SW3 is connected between GND and the other 
terminal of the capacitor C1 . 

[0287] The switches SW4 and SW5 are connected in series between both terminals of the capacitor C1. The node 
between the switches SW4 and SW5 is connected to the common electrode X of the load 20 and the power recovery 
40 , circuit 22. The switch SW9 with the resistor R1 is connected between the second signal line OUTB and the power 
supply line for generating a write voltage VW; 

[0288] In the power recovery circuit 22 shown in Fig. 4, the coils L1 and L2 and the common electrode X (output 
line OUTC) of the load 20 are isolated by the diodes D7 and D8 connected to the load 20. In this example of Fig, 48, 
however, no such diodes 07 and D8 are provided. Besides, in the power recovery circuit 22 shown in Fig. 4, the 
capacitor C2 is connected to the ground. In this example of Fig. 48. however, it is connected to the second signal 
^5 line OUTB. 

[0289] On the scanning electrode Y side, the switches SWr and SW2' are connected in series between GND and 
the power supply line of the voltage (Vs/2) generated by the A/D converter 42 of Fig. 8. The node between the 
switches SWV and SW2' is connected to one terminal of a capacitor C4. The switch SW3' is connected between GND 
and the other terminal of the capacitor C4. 

[0290] The switch SW4* connected to one terminal of the capacitor C4 is connected to the cathode of the diode 
D17. The anode of the diode 017 is connected to the other tenninal of the capacitor C4. The switch SW5' connected to 
the other terminal of the capacitor C4 is connected to the anode of the diode D16. The cathode of the diode D16 is 
connected toahe one terminal of the capacitor C4. One terminal of each of the switches SW4' and SW5' respectively 
connected to the cathode of the diode D17 and the anode of the diode D16, is connected to the load 20 through a scgm 
driver 31', and to a power recovery circuit 33. The switch SW9' with the resistor RV is connected between. the fourth 
55 signal line OUTB* and the power supply line for generating a write voltage Vw. 

[0291] In the power recovery circuit 33 shown in Fig. 4, the capacitor C3 is connected to the ground. In 
this example of Fig. 48, however, it is connected to the fourth signal line OUTS'. 
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[0292] On the scanning electrode Y side, in addition to the above-described construction, three transistors Tr21 
to Tr23 and two diodes D16 and D17 are further provided. The roles of these transistors Tr21 to Tr23 and diodes D16 
and D17 were already described in the fifth embodiment. Thus the repetitive descriptions thereof will be omitted 
[0293] Fig. 49 is a timing chart showing driving waveforms of the PDP by the dnving apparatus constructed as 
shown in Fig 48. Fig. 49 shows one of the subfields making up one frame. The waveforms shown in Fig. 49 is almost 
the same as the waveforms shown in Fig. 45 except parts in reset and sustain discharge penods. Therefore, only the 
^ parts in the reset and sustain discharge periods will be described. ^ w - .u 

[0294] The waveforms of the voltages to be applied to the common and scanning electrodes X and Y in the sustain 
discharge period shown in Fig. 49 differs from those shown in Fig. 45 because of the presence/absence of power 
recovery circuit. That is, since the circuit shown in Fig. 44 is provided with no power recovery circuit no L-C 
resonance occur, so the waveforms as shown in Fig. 45 appear 

[0295] When the capacitance of the load 20 is represented by Cp. the absolute value of a voltage to be applied 
to the load 20 is represented by V, and the frequency when the voltage is appfied to the load 20 is represented by f, 
the power loss when charging or discharging the load 20 is expressed by 2CpSl^il in the prior art shown in Fig. 4. 
Contrastingly in this embodiment, the absolute value of a voltage to be applied to the load 20 is sufficed by half 
the conventional value, though the frequency when the voltage is applied to the load 20 becomes double. Consequently, 
the power loss when charging or discharging the load 20 is expressed by 2Cp?V/2)2?2f). Thus the power loss can be 
^5 held down to half the conventional one. Therefore, even if no such power recovery circuit is provided, a power saving 
can be achieved in comparison with the prior art. But, by providing such a power recovery circuit as shown in the 
sixth embodiment, a more power saving can be achieved. . « *u -* ^ o.a/o 

[0296] Referring to Fig. 49. in the reset period, on the common electrode X side, firstly, the switches SW2 and 
SW5 are turned ON. and the remaining switches SW1, SW3, SW4. and SW9 are kept OFF. The voltage of the second 
signal line OUTB is thereby lowered to (-Vs/2) in accordance with the charges stored in the capacitor 9^ Jt,^°'!^9® 
(.Vs/2) is output on me output line OUTC through the switch SW5 to be applied to the common electrode X of the load 
20 / 

[0297] On the scanning electrode Y side, the switches SWr. SW4'. and SW9' are turned ON. and the remaining 
switches SW2' SW3' and SW5* are kept OFF. By this operation, the voltage corresponding to the sum of the voltage 
Vw and the voltage (Vs/2) in accordance with the charges accumulated in the capacitor C4 is applied to the output 

25 line OUTC. The voltage (Vs/2 + Vw) is applied to the scanning electrode Y of the load 20. At this time, the voltage 
gradually rises by the function of the resistor Rr in the switch SW9'. ^ ' u u n/ 

[0298] Since the potential difference between the common and scanning electrodes X and Y thereby becomes (Vs 
+ Vw). the same voltage as that of the full write pulse shown in the reset period in Fig. 3 can be applied between 
the common and scanning electrodes X and Y. . . ^ ^ ^ *u 

[0299] Next ail the switches SW1 to SW5. SW9, SWr to SW5'. and SW9' are properiy controlled to return the 

30 voltages being applied to the common and scanning electrodes X and Y, to the ground level. The. common electrode X 
side and the scanning electrode Y side are then made in the states reverse to those descnbed above. More 
specifically, on the common electrode X side, the switches SW1. SW4. and SW9 are turned ON. and the remaining 
switches SW2 SW3 and SW5 are turned OFF. At the same time, on the scanning electrode Y side, the switches SW2 
and SW5' are turned* ON, and the remaining switches SWr. SW3'. SW4', and SV«' are turned OFF. 
[0300] The voltage being applied to the common electrode X thereby continuously nses from the ground level to 

35 (Vs/2 + Vw) and the voltage being applied to the scanning electrode Y is lowered to (-Vs/2). In every cell, the voltage 
due to the wall charges themselves then exceeds its discharge start voltage, and a discharge starts. At this time 
weak discharges occur by applying the obtuse wave so that the accumulated waB charges are eliminated except part of 

[0301] In this reset period, by turning the transistor Tr21 ON. the vottage being applied to the scanning 
electrode Y may be continuously towered from the ground level to the (-Vs/2) level, as indicated by a dotted line. 
Also the voltage being applied to the common electrode X can be continuously towered from the ground level to the (- 
Vs/2) level, as indicated by another dotted line, if the same components as the above transistor Tr21 and resistor R2 
are provided in parallel with the switch SW5 on the common electrode X side. . 
r0302] Fig 50 is a timing chart showing a manner of power recovery in each of the power recovery circuits 22 
and 33 showing in Fig. 48. On the common electrode X side, the switches SW1 and SW3 are turned ON to aPP Y the 
Dositive voltage (+Vs/2) is applied on the first, signal line OUTA. When the voltage of the second signal hne OUTB is 
at the ground level, the transistor Tr3 in the power recovery circuit 22 is turned ON. An L-C resonance thereby occur 
with the coil L1 and the capacitance of the load 20 due to the potential difference between the above capacitor C2 
and the common electrode X at the ground level. The charges having been recovered in the capacitor C2 are then 
supplied to the load 20 via the transistor Tr3, the diode D3, and the coil L1 . . . ' ^ 

[0303] At this time, on the scanning electrode Y side, since the switch SWZ is ON, the current supplied from 

50 the capacitor C2 through the switch SW3 on the common electrode X side to the common electrode X flows through the 
. diode in the scan driver 31' and the diode D16 on the scanning electrode Y side, and then flows into the ground 
through the third signal line OUTA' and the switch SW2'. With such a cun^ent flow, the voltage of the comrrion 
electrode X gradually rises as shown in Fig. 50. By turning the switch SW4 ON near a peak voltage appeanng in this 
resonance, the voltage of the common electrode X is clamped to (Vs/2). . . • 

[0304] Next further on the scanning electrode Y side, the transistor Tr15 in the power recovery circuit 33 is 

55 turned ON An L-C resonance thereby occur with the coil L3 and the capacitance of the load 20 due to the potential 
difference between the voltage of the capacitor C3 and the voltage of the scanning electrode Y at the ground level. 
The cun-ent supplied from the capacitor C1 through the switch SW3 on the common electrode X side to the common 
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electrode X via the first signdf line OUTA and switch SW4, flows through the diode in the scan driver 31' and the 
diode D12 in the power recovery circuit 33 on the scanning electrode Y side, and further flows through the transistor 
Tr15, the capacitors C3 and C4. and the switch SW2' into the ground. With such a current flow, the voltage of the 
scanning electrode Y is gradually lowered as shown in Fig. 50. At this time, part of the charges can be recovered In 
the capacitor C3. By further turning the switch SW5' ON near a peai< voltage appearing in this resonance, the voltage 
of the scanning electrode Y is damped to (-Vs/2). 

[0305] Next, in this state, on the scanning electrode Y side, the switch SW2* and the transistor Tr16 in the 
power recovery circuit 33 are set ON. An L-C resonance thereby occur with the coii L4 and the capacitance of the load 
20 due to the potential difference between the voltage of the capacitor C3 and the voltage (-Vs/2) of the scanning 
electrode Y. The charges recovered in the capacitor C3 are then supplied to the load 20 through the transistor Tr16, 
the diode D13, the coil L4, and the diode in the scan driver 31'. 

[0306] At this time, on the common electrode X side, since the switches SW1, SW3, and SW4 are ON. the current 
supplied from the capacitor C3 through the switch SW2* and the capacitor 04 on the scanning electrode Y side to the 
scanning electrode Y flows through the switch SW4 on the common electrode X side, and then flows into the ground 
through the first signal tine OUTA. the capacitor 01, and the switch SW3. With such a current flow, the voltage of 
the scanning electrode Y gradually rises as shown in Fig. 50. By further turning the switch SW4' ON near a peak 
voltage appearing in this resonance, the voltage of the scanning electrode Y is clamped to the ground level. 
^5 [0307] Next, on the common electrode X side, the switches SW1 and SW3 and the transistor Tr4 in the power, 
recovery circuit 22 are set ON. An L^C resonance thereby occur with the coil 12 and the capacitance of the load 20 
due to the potential difference be'tween the voltage of the capacitor 02 and the voltage (Vs/2) of the common 
electrode X. The charges accumulated in the load 20 are supplied through the switches SW2' and SW4', and the diode 
in the scan driver 31' on the scanning electrode Y side, and the coil 12 and the diode D4 in the power recovery 
circuit 22 on the common electrode X side, and further through the transistor Tr4, the capacitor 02, and the switch 
20 SW3 Into the g.^^Lir.d. With such a current flow, the. voltage of the common electrode X is gradually lowered as shown in 
Fig. 50. At this time, part of the charges can be recovered in the capacitor 02. By turning the switch SW5--0N near a 
peak voltage appearing in this resonance, the voltage of the common electrode X is clamped to the ground level. 
[0308] Next, on the common electrode X side, the switches SW2 and SW4 are set ON. The voltages of the first and 
second signal lines OUTA and OUTB are thereby set at the ground level and the negative voltage (-Vs/2), respectively. 
On the scanning electrode Y side, the switches SWr. SW3'. and SW5' are set ON. The voltages of the third and fourth 
25 signal lines OUTA' and OUTB' are thereby swung to (+Vs/2)and the ground level, respectively. 

[0309] In this state, on the scanning electrode Y side, the transistor Tr16 in the power recovery circuit 33 is 
turned ON. An L-C resonance thereby occur with the coil L4 and the capacitance of the load 20 due to the potential 
difference between the voltage of the capacitor 03 and the voltage (+Vs/2) of the scanning electrode Y. The charges 
recovered in the capacitor 03 are then supplied to the load 20 through the transistor Tr16, the diode D13, the coi! 
L4, and the diode in the scan driver 31'. 

[0310] At this time, on the common electrode X side, since the switches SW2 and SW4 are ON. the cun-ent 
supplied from the capacitor 03 through the switch SW3' on the scanning electrode Y side to the scanning electrode Y 
flows through the switch SW4 on the common electrode X side, and then flows into the ground through the first signal 
line OUTA and the switch SW2. With such a current flow, the voltage of the scanning electrode Y gradually nses as 
shown in Fig. 50. By further turning the switch SW4' ON near a peak voltage appearing in this resonance, the voltage 
of the scanning electrode Y is clamped to (Vs/2). 

[0311] Next, on the common electrode X side, the switch SW2 and the transistor Tr4 in the power 

recovery circuit 22 Is set ON. An L-0 resonance thereby occur vyith the coil L2 and the capacitance of the toad 20 
due to the potential difference between the voltage of the capacitor 02 and the voltage of the common electrode X. 
The current supplied from the capacitor 04 through the switch SW3' on the scanning electrode Y side and through the 
third signal line OUTA', the switch SW4', and the diode In the scan driver 31' to the scanning electrode Y, flows 

40 through the coil L2 and the diode D4 in the power recovery circuit 22, and further flows through the transistor Tr4, 
the capacitors 02 and 01. and the switch SW2 Into the ground. With such a current flow, the voltage of the common 
electrode X is gradually lowered as shown in Fig. 50. At this time, part of the charges can be recovered in the 
capacitor 02. By further turning the switch SW5 ON near a peak voltage appearing in this resonance, the voltage of 
the common electrode X is clamped to (-Vs/2). . ^ 

[0312] Next. In this state, on the common electrode X side, the switch SW2 and the transistor Tr3 in the power 

45 recovery circuit 22 are set ON. An L-0 resonance thereby occur with the coil L1 and the capacitance of the load 20 
due to the potential difference between the voltage of the capacitor 02 and the voltage (-Vs/2) of the common 
electrode X. The charges recovered in the capacitor 02 are then supplied to the load 20 through the transistor Tr3, 
the diode D3, and the coll LI . ^ . 

[0313] At this time, on the scanning electrode Y side, since the switches SWr, SW3', and SW4 are ON, the 
current supplied from the capacitor 02 and the switch SW2 and the capacitor 01 on the common electrode X side to the 
common electrode X flows through the diode in the scan driver 31' and the diode 016 on the scanning electrode Y side, 
and then flows into the ground through the third signal line OUTA. the capacitor 04. and the switch SW3'. With such 
a current flow, the voltage of the common electrode X gradually rises as shown in Fig, 50. By further turning the 
switch SW4 ON near a peak voltage appearing in this resonance, the voltage of the common electrode X is clamped to 
the ground level. ^ . - 

[0314] Next, on the scanning electrode Y side, the switches SWr and SW3' and the transistor Tr15 m the power 
recovery circuit 33 are set ON. An L-C resonance thereby occur with the coll L3 and the capacitance of the load 20 
due to the potential difference between the voltage of the capacitor 03 and the voltage {Vs/2) of the scanning 
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e ec^rode Y. The charges accumulated in the load 20 are supplied through the switches SW2 and SW4 on the common 
electrode X side and through the diode in the scan driver 31' on the scanning electrode Y side, and further through 
Z fu ^ ^'^*^f. ^''^ P*^^®*" '■ecovery circuit 33. the transistor Tr15. the capacitor C3. and the switch 

SW3. into the ground With such a current flow, the voltage of the scanning electrode Y is gradually lowered as 
Shown tn Fig^ 50. At this time, part of the voltage can be recovered in the capacitor C3. By further tuminq the 
switch SW5 ON near a peak voltage appearing in this resonance, the voltage of the scanning electrode Y is clamped to 
the ground level. ^ 

[0315] Fig. 51 is a circuit diagram showing another example of construction of a driving apparatus according to 
this sixth embodiment. In Fig. 51. the components having the same functions as those in Fig. 48 are denoted by the 
^^^A^^^^^^ respectively. Thus the repetitive descriptions thereof will be omitted 

[0316] On the common electrode X side, the driving apparatus shown in Fig. 51 is provided with a power recovery 
circuit 22 compnsing two systems of coils LI and L2, like the driving apparatus shown in Fig. 48 The coils L1 and 
L2 are isolated from the common electrode X of the load 20 (output line OUTC) by diodes D7and D8 The diodes D18 
and D19 respectively connected between the coil LI of the power recovery circuit 22 and the second signal line OUTB 
and between the coil L2 and the first signal line OUTA, have the same roles as the diodes D16 and D17 on the 
scanning electrode Y side. 

[0317] The power recovery circuit 22 further comprises four diodes D20 to D23 for clamping. The diodes 20 and 21 
are connected in senes between the first and second signal lines OUTA and OUTB. The node between the diodes is 
connected between the cathode of the diode D3 and the coil L1. The diodes 22 and 23 are also connected in series 
between the first and second signal lines OUTA and OUTB. The node between the diodes is connected between the 
anode of the diode 04 and the coil L2. ^^vvcc. 

[0318] The power recovery circuit 22 shown in Fig. 51 further comprises two capacitors 02 and 012 for power 
recovery. The capacitor C12. which is newly provided in this example of Fig. 51. is connected between a common 
20 terminal of two u ci.-.aistors Tr3 and Tr4. and the first signal line OUTA. 

[0319] By the provision of this capacitor 012, when the voltage of the first signal line OUTA is to be set at 
the ground level by turning the switch SW2 ON, the power of the first signal line OUTA can be recovered or supplied 
as It is, in relation to the capacitance of the load 20, using the capacitor 012 without passing throuah the 
capacitors 01 and 02, thereby decreasing powerless. y<» u'c 

[0320] More specifically, when the power recovery circuit 22 comprises only the capacitor 02 as shown in Fig 48 
performed by the manner that a current flows in the route of the capacitors 02 and 01 and the 
switch SW2. That is. the current flows through two capacitors. Contrastingly in case of also providing the capacitor 
CI 2 as shown in Fig. 51, power recovery is performed by the manner that a cun-ent flows in the route of the 
capacitor 012 and the switch SW2. That is. the current flows through only one capacitor. Consequently in case of 
Fig. 51, power loss due to the impedance components caused by capacitors is a little, so the power recover/ 
efficiency can be improved. : ic^uvciy 

[0321] Fig. 52 is a timing chart showing the manner of power recovery by the power recovery circuit 22 shown in 
Fig^ 51. When the switches SW1 and SW3 are ON to apply the positive voltage (+Vs/2) to the first signal line OUTA 
and^the second signal line OUTB is at the ground level, the voltage of the node between the capacitors 02 and C12 is 

[0322] In this state, when the transistor Tr3 in the power recovery circuit 22 is turned ON, an L-C resonance 
35 occurs with the coil L1 and the capacitance of the load 20 due to the potential difference (Vs/4) between the above 
node between the capacitors 02 and 012, and the common electrode X, which is at the ground level The voltage of the 
common electrode X thereby gradually rises as shown in Fig. 52, using the power having been recovered in the 
capacitors 02 and C12. By turning the switch SW4 ON near a peak voltage appearing in this resonance the voltage of 
the common electrode X is clamped to (Vs/2). 

[0323] Further, in this state, when the transistor Tr3 and the switch SW4 are turned OFF and the transistor Tr4 
40 in the power recovery circuit 22 is turned ON. an L-0 resonance occurs with the coil L2 and the capacitance of the 
load 20 due to the potential difference {Vs/4) between the voltage (Vs/4) of the above node between the capacitors 02 
^® voltage (Vs/2) of the common electrode X. The voltage of the common electrode X is thereby 
gradually lowered as shown in Fig. 52. At this time, part of the charges can be recovered in the capacitors 02 and 
CI 2. By turning the switch SW5 ON near a peak voltage appearing in this resonance, the voltage of the common 
electrode X IS clamped to the ground level. a ^ummun 

45 [0324] Next, the switch SW2 is turned ON to set the voltages of the first and second signal lines OUTA and OUTB 

negative voltage (-Vs/2). respectively. The voltage of the node between the capacitors C2 
and C12 then becomes (-Vs/4). 

[0325] In this state, when the transistor Tr4 in the power recovery circuit 22 is turned ON. an L-C resonance 
occurs with the coil L2 and the capacitance of the load 20 due to the potential difference (Vs/4) between the above 
node between the capacitors 02 and C12. and the common electrode X. which is at the ground level. The voltage of the 
common electrode X is thereby gradually lowered as shown in Fig. 52. At this time, part of the charges can be 
recovered in the capacitors 02 and 012. By turning the switch SW5 ON near a peak voltage appearing in this 
resonance, the voltage of the common electrode X is clamped to {-Vs/2). 

[0326] Further, in this state, when the transistor TR4 and the switch SW5 are turned OFF, and the transistor Tr3 
in the power recovery circuit 22 is turned ON, an L-0 resonance occurs with the coil LI and the capacitance of the 
55 toad 20 due to the potential difference (Vs/4) between the voltage (-Vs/4) of the above node between the capacitors 
C2 and 012. and the voltage (-Vs/2) of the common electrode X. The voltage of the common electrode X thereby 
gradually nses as shown in Fig. 52. using the power having been recovered in the capacitors 02 and 012 By turning 
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the switch SW4 ON near a peak voltage appearing in this resonance, the voltage of the common electrode X is clamped . 
to the ground level. 

[0327] In this manner, according to the example of construction of Fig. 51, by the provision of the two 
capacitors C2 and C12 between the first and second signal lines OUTA and OUTB for power recovery, two stages of- 
power recovery can be performed with a small circuit construction. Besides, since the Q value of current flowing each- 
time of power recovery is made small, the efficiency of power recovery can be remarkably improved. Furthermore, these 
two capacitors C2 and C12 can also realize the function of the capacitor C1, so the capacitor G1 may be omitted. 
[0328] The above description is for the construction on the common electrode X side. The construction on the 
^ scanning electrode Y side is similar. More specifically, a power recovery circuit 33 on the scanning electrode Y side 
comprises four diodes D20' to D23' for clamping. The diodes 20' and 21' are connected in series between the third and 
fourth signal lines OUTA' and OUTB'. The node between the diodes is connected between the anode of a diode D12 
and a coil L3. The diodes 22' and 23' are also connected in series between the third and fourth signal lines OUTA' 
and OUTB'. The node between the diodes is connected between the cathode of a diode D13 and a coil L4. 
[0329] The power recovery circuit 33 shown in Fig. 51 further comprises two capacitors 03 and CI 3 for power 
recovery. The capacitor 013, which is newly provided in this example of Fig. 51, is connected between a common 
terminal of two transistors Tr15 and Tr16, and the third signal line OUTA'. 

[0330] By the provision of this capacitor 013, when the voltage of the third signal line OUTA' is to be set at 
)5 the ground level by turning the switch SW2' ON, the power of the third signal line OUTA' can be recovered and 
supplied as it is, in relation to the capacitance of the load 20, using the capacitor 013 without passing through the 
capacitors 04 and 03, thereby decreasing power loss. 

[0331] More specifically, when the power recovery circuit 22 comprises only the capacitor 02 as shown in Fig. 48, 
power recovery, is performed by the manner that a current flows in the route of the capacitors 02 and 01 and the switch 
SW2. That is,, the current flows through two capacitors. Contrastingly in case of also providing the capacitor 012 as 
20 shown in Fin si. power recovery is performed by the manner that a current flows in the route of the capacitor 012 
and the switch SW2. That is, the current flows through only one capacitor. Consequently, in case of Fig. .51,. power 
loss due to the impedance components caused by capacitors is a little, so the power recovery efficiency can be 
improved. 

[0332] In this driving apparatus shown in Fig. 51, the capacitors 012 and 013 may be omitted (open). Also, the 
capacitors 02 and 03 may be omitted (open). Also, the capacitors 01 and 04 may be omitted (open). The ratio of the 
25 capacitor 02 to the capacitor 012 may be equal to or different from the ratio of the capacitor 03 to the capacitor 
013. The values of the coils LI and L2 and the values of the coils L3 and L4 may be equal to or different from each 
other, 

[0333] For example, when the coils L1 and L2 have different values and the coils L3 arid L4 have different values, 
the time of rising and the time of falling of the voltage in the L-0 resonance can be made to differ from each other. 
More specifically, the smaller the value of a coil is, the greater the gradient of rising/falling of the voltage is. 
For example, the values of the coils LI and L3 used in supplying the recovered power are made small, and the values 
of the coils L2 and L4 used in recovering power are made great By this setting, rising of the voltage in supplying 
power can be made fast to improve the luminance in a plasma display panel, and falling of the voltage in recovering 
power can be made relatively slow to suppress generation of noise. 

[0334] Fig. 53 is a circuit diagram showing another example of construction of a driving apparatus according to 
35 this sixth embodiment In Fig. 53, the components having the same functions as those in Fig. 51 are denoted by the 
same references as those in Fig. 51. respectively. Thus the repetitive descriptions thereof will be omitted. 
[0335] The construction shown in Fig. 53 differs from the construction shown in Fig. 51 only in the point of 
absence of the capacitors CI 2 and 013. and in the feature of connection in relation to the diodes D20 to D23 and D20' 
to D23' for damping. 

[0336] More specifically, in the construction shown in Fig. 53, in the power recovery circuit 22 on the common 
40 electrode X side, the node between the diodes D20 and D21, which are connected in series between the first and 
second signal lines OUTA and OUTB, is connected between the cathode of the diode 04 and the transistor Tr4. 
Besides, the node between the diodes D22 and D23, which are also connected in series between the first and second 
signal lines OUTA and OUTB, is connected between the anode of the diode 03 and the transistor Tr3. 
[0337] In the power recovery circuit 33 on the scanning electrode Y side, the node between the diodes 020* and 
021', which are connected in series between the third and fourth signal lines OUTA' and OUTB', is connected between 
the anode of the diode D13 and the transistor Tr16. Besides, the node between the diodes D22' and D23', which are 
also connected in series between the third and fourth signal lines OUTA' and OUTB', is connected between the cathode 
of the diode 012 and the transistor Tr15. 

[0338] Fig. 54 is a circuit diagram showing another example of construction of a driving apparatus according to 
this sixth embodiment In Fig. 54, the components having the same functions as those in Fig. 51 are denoted by the 
same references as those in Fig. 51, respectively. Thus the repetitive descriptions thereof will be omitted. 
[0339] The construction shown in Fig. 54 differs from the construction shown in Fig. 51 only in the point of 
absence of the capacitors 012 and 013, and in the feature that the coils L1 and L2 are not isolated from the common 
electrode X of the load 20 (output line OUTC) by using the diodes D7, D8. 01 8, and D19. 

[0340] More specifically, in the construction shown in Fig. 54, on the common electrode X side, there are not 
provided the diodes 07. 08, 018. and 019 which are provided in the example of Fig. 51. Thus the coils LI and L2 can 
55 be directly seen from the common electrode X side. Besides, in either of the common electrode X side and the scanning 
electrode Y side, the capacitors 012 and 013 may be provided which are provided in the example of Fig. 51. 
[0341] Fig. 55 is a circuit diagram showing another example of construction of a driving apparatus according to 
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this sixth embodiment. In Fig "55. the components having the same functions as those in Fig. 51 are denoted by the 
same references as those in Fig. 51, respectively. Thus the repetitive descriptions thereof will be omitted. 
[0342] The construction shown in Fig. 55 differs from the construction shown in Fig. 51 only in the point of 
absence of the capacitors C12 and C13, in the feature of connection in relation to the diodes D20 to D23 and D20' to 
D23' for clamping, and in the feature that the coils LI and L2 are not isolated from the common electrode X of the 
load 20 (output line OUTC) by using the diodes D7 and D8. 

[0343] More specifically, in the construction shown in Fig. 55. in the power recovery circuit 22 on the common 
electrode X side, the node between the diodes D20 and D21 , which are connected in series between the first and 
second signal lines OUTA and OUTB. is connected between the cathode of the diode D4 and the transistor Tr4. 
Besides, the node between the diodes D22 and D23, which are also connected in series between the first and second 
signal lines OUTA and OUTB, is connected between the anode of the diode D3 and the transistor Tr3. 
[0344] In the power recover/ circuit 33 on the scanning electrode Y side, the node between the diodes D20' and 
D21'. which are connected in series between the third and fourth signal lines OUTA' and OUTB', is connected between 
the anode of the diode D13 and the transistor Tr16. Besides, the node between the diodes D22' and 023', which are ^ 
also connected in series between the third and fourth signal lines OUTA' and OUTB', is connected between the cathode 
of the diode D1 2 and the transistor Tr1 5. 

[0345] On the common electrode X side, there are not provided the diodes D7, D8, D18, and D19 which are 
provided in the example of Fig. 51. Thus the coils L1 and L2 can be directly seen from the common electrode X side. 
Besides, in either of the common electrode X side and the scanning electrode Y side, the capacitors 012 and 013 may 
be provided which are provided in the example of Fig. 51. 

[0346] Fig. 56 is a circuit diagram showing another example of construction of a driving apparatus according to 
this sixth embodiment. In Fig. 56. the components having the same functions as those in Fig. 51 are denoted by the 
same references as those in Fig. 51, respectively. Thus the repetitive descriptions thereof will be omitted. 
[0347] \ construction shown in Fig. 56 differs from the construction shown in Fig. 51 only in the point of 
absence of the capacitors 012 and C13, in the feature that the power recovery circuit 22 on the common electrode X 
side is made up from only one system of the coil L1. and in the feature that the coil L1 is not isolated from the 
common electrode X of the load 20 (output line OUTC) by using the diodes D7 and D8. 

[0348] More specifically, in the construction shown in Fig. 56, in the power recovery circuit 22 on the common 
electrode X side, the node between the diodes D20 and D21, which are connected in series between the first and 
second signal lines OUTA and OUTB, is connected between the cathode of the diode D3 and the coil L1. The coil l_2 
and the diodes D22 and D23 which are provided in the example of Fig. 51, are not provided in this construction shown 
in Fig. 56. 

[0349] On the common electrode X side, there are not provided the diodes D7. D8, D18, and D19 yvhjch are 
provided in the example of Fig. 51. Thus the coil LI can be directly seen from the common electrode X side. Besides, 
in either of the common electrode X side and the scanning electrode Y side, the capacitors 012 and 013 may be 
provided which are provided in the example of Fig, 51. 

[0350] Since the power recovery circuit 22 is made up from only one system of the coil L1. a simple circuit 
construction can be obtained. 

[0351] Fig. 57 is a circuit diagram showing another example of construction of a driving apparatus according to 
this sixth embodiment In Fig. 57. the components having the same functions as those in Fig. 56 are denoted by the 
same references as those in Fig. 56, respectively. Thus the repetitive descriptions thereof will be omitted. 
[0352] The construction shown in Fig. 57 differs from the construction shown in Fig. 56 only in the feature of 
using four diodes D20 to D23 for clamping in the power recovery circuit 22 on the common electrode X side, in the 
feature of connection in relation to them, and in the feature of connection in relation to the diodes 020' to D23' on 
the scanning electrode Y side. 

[0353] More specifically, in the construction shown in Fig. 57, in the power recovery circuit 22 on the common 
electrode X side, the node between the diodes D20 and D21, which are connected in series between the first and 
second signal lines OUTA and OUTB, is connected between the cathode of the diode 04 and the transistor Tr4, 
Besides, the node between the diodes D22 and D23. which are also connected in series between the first and second 
signal lines OUTA and OUTB, is connected between the anode of the diode 03 and the transistor Tr3. The construction 
on the scanning electrode Y side is quite the same as that in Fig. 53. 

[0354] Fig. 58 is a circuit diagram showing another example of construction of a driving apparatus according to 
this sixth embodiment. In Fig. 58, the components having the same functions as those in Fig, 51 are denoted by the 
same references as those in- Fig. 51. respectively. Thus the repetitive descriptions thereof will be omitted. Fig. 58 
only shows the construction on the scanning electrode Y side as a representative. 

[0355] In the construction shown in Fig. 58, a switch SW4" serves as both the switch SW4' and the transistor 
Tr22 in Fig. 51. Besides, a switch SW5" sen/es as both the switch SW5' and the transistor Tr23 in Fig. 51. Further, 
the switches SW12 and SW13 making up the scan driver 31', serve as the transistors Tr16 and Tr15 in Fig. 51. 
respectively. 

[0356] On the scanning electrode Y side, by controlling changeover of the switches including those switches SW4", 
SW5", SW12, and SW13 at proper timings, the negative voltage (-Vs/2) in the address period shown in Fig. 45, and the 
positive and negative voltages (S^s/2) repeating alternately in the sustain discharge period can be generated. 
[0357] For example, the negative voltage (-Vs/2) in the address period can be applied to the scanning electrode 
Y by turning the switch SW4" (transistor Tr22) and the switch SW5" (transistor Tr23) ON. More specifically, turning 
the transistor Tr22 ON causes the third signal line OUTA' to be at the ground level, and turning the transistor Tr23 
ON causes the fourth signal line OUTB' to be at the (-Vs/2) level, As a result, the negative voltage (-Vs/2) is 
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applied to the load 20 through the output line OUTC*. 

[0358] The positive and negative voltages to the scanning electrode Y in the sustain discharge period 

can be generated by the switching operation shown in Fig, 59, which will be described next. 

[0359] Fig. 59 is a timing chart showing an example of control for generating driving waveforms to the scanning 
electrode Y in a sustain discharge period by the driving apparatus shown in Fig. 58. 

[0360] At first, the switches SWV, SW3'. and SW12 (transistor Tr16) are turned ON. An L-C resonance thereby 
occurs between the capacitance of the load 20 and the coil L3. The voltage then gradually rising is applied to the 
scanning electrode Y through the output line OUTC. Next, the switch SW4" (switch SW4') is turned ON near a peak 
voltage appearing in the resonance, so that the voltage being applied to the scanning electrode Y clamped to (+Vs/2). 
[0361] Next, while the switches SWV and SW3' are kept ON. the switches SW4" and SW12 are turned OFF, and 
the switch SW13 (transistor Tr15) is turned ON. The charges stored in the capacitance of the toad 20 are thereby 
drawn through the switch SW13, and the voltage of the scanning electrode Y is gradually lowered due to the L-C 
resonance between the capacitance of the load 20 and the coil L3. The switch SW5" (switch SW5') is then turned ON 
near a peak voltage appearing in the resonance, so that the voltage being applied to the scanning electrode Y is 
clamped to the ground level. - - 

[0362] Next, all the switches are once set OFF. and then the switch SW2' is turned ON, thereby swinging the 
voltage of the third signal line OUTA from (+Vs/2) to the ground level, and the voltage of the fourth signal line 

15 OUTB' from the ground level to (-Vs/2). 

[0363] At the same time when the switch SW2' is turned ON. the switch SW13 (transistor Tr15) is turned ON. The 
voltage of the scanning electrode Y is gradually lowered toward the negative voltage (-Vs/2) by the L-C resonance 
between the capacitance of the load 20 and the coil L3. After this, by turning the switch SW5" (switch SW5') ON near 
a peak voltage appearing in the resonance, the voltage being applied to the 
scanning electrode Y is clamped to (-Vs/2). 

20 [0364] *:cxt, while the switch SW2' is kept ON, the switches SW5'* and SW13 are turned OFF, and the switch 
SW12 (transistor Tr16) is turned ON. The voltage of the scanning electrode Y is thereby gradually raised due to the L- 
C resonance between the capacitance of the load 20 and the coil L3- The switch SW4" (switch SW4') is then turned ON 
near a peak voltage appearing in the resonance, so that the voltage being applied to the scanning electrode Y is 
clamped to the ground level. 

[0365] As described above, according to the driving apparatus with the construction shown in Fig. 58, 
the switching elements necessary for driving in the address period serve as the switching elements necessary for 
driving in the sustain discharge period. Thus the number of elements can be decreased, and a simple circuit can be 
obtained, 

[0366] Fig. 60 is a circuit diagram showing another example of construction of a driving apparatus according to 
this sixth embodiment In Fig. 60, the components having the same functions as those in Fig. 48 are denoted by the 
same references as those 1n Fig. 48. respectively. Thus the repetitive descriptions thereof will be omitted. Fig. 61 
is a timing chart showing an example of control of each switch for generating driving waveforms to the scanning 
electrode Y in scanning and sustain discharge periods, in the driving apparatus shown in Fig. 60. Figs. 60 and 61 are 
for comparing the present invention with the prior art shown in Figs. 5 and 7. 

[0367] In the scanning period, the switch SW2' on the scanning electrode Y side is turned ON to set the voltage 
of the third signal line OUTA at the ground level. The voltage of the fourth signal line OUTB' is thereby set at (- 
35 Vs/2) with the charges of (C4 x Vs/2) accumulated beforehand in the capacitor 04. By turning the transistors Tr22 and 
Tr23 ON. the voltage (Vs/2) is applied between both terminals of the scan .driver 31'. and the scan pulse of (-90 V) 
is applied to one scanning electrode Y like in Fig. 7. 

[0368] On the common electrode X side, by turning beforehand the switch SW9 ON. the voltage of the second 
signal line OUTB is set at Vx (50 V), and the voltage of the first signal line OUTA is set at (Vx + Vs/2 = 140 V) 
with the charges of (CI x Vs/2) accumulated in the capacitor 01. By turning the switch SW4 ON. the potential 
^0 difference between the common and scanning electrode X and Y in the scan pulse becomes (Vx + Vs/2) + Vs/2 = 230 
V, 

[0369] At this time, since the voltage difference (Vs/2) between the first and second signal lines OUTA and OUTB 
is applied to the FETs (switches SW4 and SW5) for treating the above discharge current, the breakdown voltage of 
each of the FETs is sufficed by Vs/2 or more. This shows that the potential difference 230 V between the electrodes X 
and Y in the scan pulse shown in Fig. 7 can be realized by the low-voltage circuit according to this embodiment. 
[0370] Since the voltage Va of the address electrode A is 60 V and the scan pulse voltage of the scanning 
electrode Y is (-Vs/2 = -90 V), the potential difference between the address and scanning electrodes A and Y in the 
address period is 150 V. This potential difference is less than the potential difference 240 V between the address 
and scanning electrodes A and Y shown in Fig. 7. In this relation, in the subsequent reset period, wall charges can 
easily be accumulated in the dielectric layer on the address electrode A In the reset period, the wall charges of 240 V 

CQ - 150 V = 90 V are accumulated. By the above manner, the same operation as that in Fig. 7 is performed. 

[0371] The operation in sustain discharge period is the same as that shown in Fig. 49. and the potential 
difference between the first and second signal lines OUTA and OUTB is always Vs/2. Since the switches SW4 and 
SW5. or SW4' and SW5' for exchanging the gas discharge curent shown in Fig. 60 are disposed within the first and 
second signal lines OUTA and OUTB, or the third and fourth signal lines OUTA and OUTB'. the breakdown voltage of 
the FET making up each of the switches is sufficed by Vs/2 or more. 

55 [0372] In this manner, since the breakdown voltage of each FET is held down to half the conventional value, the 
ON resistance of the FET can be considerably reduced. Consequently, the number of elements can be considerably 
reduced though the prior art requires a number of FETs provided in parallel for realizing a stable gas discharge. 
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Besides, the unit cost of elerfient itself can be reduced because of its low breakdown voltage. Further, the high- 
voltage power supply required for driving is sufficed by two kinds of Vs/2 (90 V) and Vx (50 V). This makes it 
possible to omit some power supplies. It should be noted that the cost of the additional circuit according to this 
embodiment is substantially the same as that of the A/S separation drcuit used in the prior art shown in Fig. 5. 
Therefore, with the above-described construction, an inexpensive POP can be realized. 
^ [0373] The above-described embodiment is provided with a power recovery circuit. Since the power in case of no 
power recovery circuit is proportional to CpSi^lS, the power loss can be held down to half the conventional one. 
Therefore, such a power recovery circuit can be omitted. Fig. 62 shows a circuit with no power recovery circuit. The' 
output waveforms in sustain discharge period are the same as those shown in Fig, 21. The output waveforms in line- 
sequential scanning period are the same as those shown in Fig. 61 . 

[0374] When the power recovery circuit is provided, a circuit (the switches SW4' and SW5' shown in Fig. 60) is 
10 required for clamping to the power supply after outputting the L-C resonance voltage, as shown in Fig. 60. But, since 
the power recovery circuit can be omitted, charging and discharging currents and a gas discharge current can be made 
to flow to the load capacitance Cp through the FETs of the scan driver comprising only the switches SW4' and SW5' 
shown in Fig. 62. In sustain discharge period, the switch SW4' is turned ON when the voltage of the third signal line 
OUTA' is applied to the scanning electrode Y, and the switch SW5' is turned ON when the voltage of the fourth signal 
line OUTB' is applied to the scanning electrode Y 
15 [0375] As for the operation on the scanning electrode Y side in line-sequential scanning period, by turning the 
switch SW2' ON, the voltages of the third and fourth signal lines OUTA' and OUTB' are set at the ground level and (- 
Vs/2), respectively. The voltages of both terminals of the scan driver are thereby set at the ground level and (-Vs/2) 
, respectively. In scanning, the scan pulse voltage (-Vs/2) is output to.the scanning electrode Y. 

[0376] As described above, by omitting the power recovery circuit, in addition to the above-described effects 
accordinq to the construction shown in Fig. 60, the number of circuits can be reduced more. This makes it possible to 
2^ realize a kUh* at a more reduced cost. 



(Seventh Embodiment) 

[0377] Next, the seventh embodiment of the present invention will be described. 
25 [0378] In this seventh embodiment, a circuit for applying a voltage for the address period, the reset period, or 
scan from each independent power supply through switching elements, is further provided for the circuit shown in each 
of the above first to sixth embodiments. 

[0379] Fig. 63 is a circuit diagram showing a specific example of construction of a driving apparatus according 
to this seventh embodiment. Fig. 63 shows a construction for driving associated with not only a sustain discharge 
period but also reset and address periods. In Fig. 63, the components having the same functions as those in Fig, 12 
30 or 42. etc., are denoted by the same references as those in Fig. 12 or 42, etc., respectively. Thus the repetitive 
descriptions thereof will be omitted. 

[0380] Referring to Fig. 63, on the common electrode X side, a switch SW8 is provided between the power supply 
line for generating a voltage Vx, and the second signal line OUTB. On the scanning electrode Y side, a switch SW9' is 
provided between the power supply line for generating the voltage Vw. and the fourth signal line OUTB', 
[0381] Fig. 64 is a timing chart showing driving waveforms of the PDF by the driving apparatus constructed as 
35 shown in Fig. 63. Fig. 64 shows one of the subfields making up one frame. The waveforms shown in Fig. 64 is almost 
the same as the waveforms shown in Fig. 45 except the magnitude of the positive voltage applied to the common 
electrode X in the reset and address periods. 
. [0382] In the example of Fig. 64, to apply the positive voltage to the common electrode X in the reset period, 
the switches SW1 , SW3, SW4, and SW8 are turned ON, and the switch SW2 is kept OFF. The voltage of the output line 
OUTC is thereby raised to the voltage level corresponding to the sum of the voltage (Vs/2) applied to the first 
signal line OUTA through the switch SW1 , and the voltage Vx applied to the second signal line OUTB through the switch 
SW8. The voltage (Vs/2 + Vx) is applied to the common electrode X of the load 20. 

[0383] This is the same in case of applying the voltage (Vs/2 + Vx) to the common electrode X in the address 
period. 

[0384] Fig. 65 is a drcuit diagram showing another example of construction of a driving apparatus according to 
^2 this seventh embodiment. In Fig. 65, the components having the same functions as those in Fig. 63 or 51, etc., are 
denoted by the same references as those in Fig. 63 or 51, etc., respectively. Thus the repetitive descriptions 
thereof will be omitted. 

[0385] Refen-ing to Fig. 65; on the common electrode X side, the same switch SW8 as that shown in Fig, 63 is 
connected. But, the voltage of the power supply line connected , to the switch SW8 in Fig. 65 is Vx* which is higher 
than the voltage Vx shown in Fig. 63. This power supply- voltage Vx* is equal to, e.g. the voltage (Vs/2 + Vx) applied 
50 to the load 20 in reset period. 

[0386] On the scanning electrode Y side, a switch SW18 is connected between the third signal line OUTA' and the 
ground. A switch SW19 is connected between the fourth signal line OUTB' and the power supply line for generating the 
voltage (-Vy). These switches SW18 and SW19 also serve as transistors Tr22 and Tr23. respectively, A transistor Tr21 
is connected through a resistor R2 to the power supply line of a voltage (-Vn). 

[0387] According to this example of construction shown in Fig. 65, by switching control of the above switches SW8, 
55 SVyS', SW18, and SW19 in addition to the switches SW1 to SW5 and SW1' to SW5' at proper timings, minute voltage 
adjustments in relation to various pulses necessary in reset and address periods, can be performed using elements 
with tower breakdown voltages than those of the prior art, thereby obtaining a more sure display performance. This 



EP 106S6SO 



Printed from Mimosa 03/08/26 14:33:13 Page: 32 



EP 1 065 650 A2 

will be described with reference*'to a timing chart shown in Fig. 66. 

[0388] Fig. 66 is a timing chart showing driving waveforms of the PDP by the driving apparatus constructed as 
shown in Fig. 65. Fig. 66 shows one of the subfields making up one frame. The waveforms shown in Fig. 66 is almost 
the same as the waveforms shown in Fig. 64 except the voltage value applied in reset period, the pulse waveforms in 
sustain discharge period, and the voltage value of the scan pulse. The difference in pulse waveforms in sustain 
discharge period is due to presence/absence of power recovery circuit The detail thereof was already described, so 
^ the repetitive description will be omitted. 

[0389] In reset period, firstly, the voltage (-Vs/2) is applied to the common electrode X side of the load 20, 
and the voltage Vw* {= Vs/2 + Vw) is gradually applied to the scanning electrode Y side. The potential difference 
between the common and scanning electrodes X and Y thereby becomes (Vs + Vw). Thus the potential difference equal 
to the full write pulse in the reset period can be applied between the common and scanning electrodes X and Y. To 
this, the operation is the same as that in Fig. 64. 

[0390] After this, on the scanning electrode Y side, the switches SWV, SW3\ SW4'. SW5', and SW9' are set OFF, 
and the switch SW2' and the transistor Tr21 are set ON. 

[0391] On the common electrode X side, the switches SW5 and SW4 are respectively turned OFF and ON so that 
the voltage of the common electrode X becomes the ground level. At this time, the switch SW 2 is ON. After this, on 
the common electrode X side, the switch SW2 is turned OFF. and the switches SW5 and SW8 are turned ON, so that 

75 the voltage being applied to the common electrode X is raised from the ground level to Vx* (= Vs/2 + Vx). On the 
scanning electrode Y side, by turning the transistor Tr21 ON as described above, the voltage being applied to the 
scanning electrode Y is gradually lowered to (-Vn). The absolute value of the voltage (-Vn) is slightly less than, 
e.g.. the absolute value of (-Vs/2)- The quantity of wall charges to be left in a cell due to a weak discharge by 
applying an obtuse wave can be controlled with this voltage value. After this, the common and scanning electrodes X 
and Y are set at the ground level by proper switching control. By provision of the switch SW19 capable of 

20 independently Sttuiiig the voltage of the scan pulse jn address period with the (-Vy) power supply, more sure display 
performance can be obtained. 

(Eighth Embodiment) 

[0392] Next, the eighth embodiment of the present invention will be described. 
25 [0393] In this eighth embodiment, driver circuits corresponding to the driver circuit on one side according to 
any of the above-described first to seventh embodiments, for applying voltages to loads 20, are provided in the form 
of an LSI such as a scan driver circuit 

[0394] Fig. 67 is a circuit diagram showing a specific example of construction of a driving apparatus according 
to this eighth embodiment In Fig. 67, the components having the same functions as those in Fig. 9, are denoted by 
the same references as those in Fig. 9. respectively. Thus the repetitive descriptions thereof will be omitted. 
[0395] Referring to Fig. 67. the driver circuit 51' on the scanning electrode Y side is made as part of an LSI _ 
such as a scan driver circuit That is, such a driver circuit 51' is provided for every display line of the PDP. 
Namely, there are provided the same numbers of switches SW4' and SW5' as the number of display lines. 
[0396] Contrastingly, the driver circuit 44 on the common electrode X side is provided in common for all display 
- lines of the PDP, like the power supply circuit 43. 

35 [0397] In this construction, at least on the scanning electrode Y side, by switching control of the switches 
SW4' and SW5' provided for each display line, in the sustain discharge period, the voltage to ^e applied to the 
display line can be controlled individually. Besides, the transistors Tr22 and Tr23 in the above-described 
embodiments, which are the switching elements for applying the voltage {-Vs/2) in the address period, can be omitted. 
[0398] Fig. 68 is a circuit diagram showing another example of construction of a driving apparatus according to 
this eighth embodiment In Fig. 68. the components having the same functions as those in Fig. 67, are denoted by the 

40 same references as those in Fig. 67. respectively. Thus the repetitive descriptions thereof will be omitted. 

[0399] In the construction shown in Fig. 68. the driver circuit 51' on the scanning electrode Y side is made as 
part of an LSI such as a scan driver circuits. Besides,^ the switch SW8 connected to the power supply line of the 
voltage Vx* and the switch SW9' connected to the power supply line of the voltage Vw are .provided on the common 
electrode X side and the scanning electrode Y side, respectively. On the scanning electrode Y side, the transistors 
Tr22 and Tr23 are omitted. 

[0400] Fig. 69 is a timing chart showing driving waveforms of the PDP by the driving apparatus constructed as 
shown in Fig. 68. Fig. 69 shows one of the subfields making up one frame. The waveforms shown in Fig. 69 is almost 
the same as the waveforms shown in Fig. 64. These waveforms are generated by controlling ON/OFF of the switches 
SW1 to SW5. SW8, SWr to SW3'. and SW9'. which are provided in common for all display lines, and the switches 
SW4' and SW5' in the scan driver 51' for a display line i. at proper timings. 

[0401] In either of the constructions shown in Figs. 67 and 68, the area for mounting circuit parts can be 
considerably reduced. This makes it possible to realize a small device and a reduced cost in manufacturing. 
[0402] In the examples of Figs. 67 and 68, both the switches SW4' and SW5' are disposed at such positions as 
shown in the first embodiment i.e., within the driver circuit Alternatively, the switch SW4' can be disposed at 
such a position as shown in the second embodiment, i.e., within the power supply circuit Or, the switch SW5' can be 
disposed at such a position as shown in the third embodiment, i.e., within the power supply circuit The switch SW5' 
55 in the second embodiment or the switch SW4' in the third embodiment can be constructed by an LSI such as a scan 
driver circuit. 

[0403] In this case, even in the driver circuit with an LSI structure by a scan driver, the switch necessar/ for 



EP 1065650 Printed from Mimosa 03/08/26 14:33:13 Pago: 33 



EP 1 065 650 A2 

each display line may be eithter the switch SW4' or SW5'. Thus the total number of switches can be considerably 
decreased, thereby reducing the circuit scale and cost. 

(Ninth Embodiment) 

[0404] Next, the ninth embodiment of the present invention will be described. In this ninth embodiment, the 
driver circuit on either side for applying voltages to a load 20, i.e., either of the driver circuits on the common 
electrode X side and the scanning electrode Y side is made as part of an LSI such as a scan driver circuit 
[0405] Fig. 70 is a circuit diagram showing a specific example of construction of a driving apparatus according 
to this ninth embodiment, in Fig. 70, the components having the same functions as those in Fig. 9 or 67, are denoted 
by the same references as those in Fig. 9 or 67, respectively. Thus the repetitive descriptions thereof will be omitted. 
[0406] Referring to Fig. 70, the driver circuit 51 on the common electrode X side is made as part of an LSI such 
as a scan driver circuit. That is, unlike the power supply circuit 43, which is . a common circuit for all display 
lines provided in the PDP, such a driver circuit 51 is provided for every display line. Namely, there are provided 
the same numbers of switches SW4 and SW5 as the number of display lines. 

[0407] Also the driver circuit 5T on the scanning electrode Y side is made as part of an LSI such as a scan 
driver circuit. That is, unlike the power supply circuit 43', which is a common circuit for all display lines 
provided in the PDP. such a driver circuit 5V is provided for every display line. Namely, there are provided the same 
numbers of switches SW4' and SW5' as the number of display lines. 

[0408] In this construction, in both of the common electrode X side and the scanning electrode Y side, by 
switching control of the switches SW4, SW5, SW4\ and SW5' provided for each display line, in the sustain discharge 
period, the voltage to be applied to the display line can be controlled individually. Besides, on the scanning 
electrode Y side, the transistors Tr22 and Tr23 in the above-described embodiments, which are the switching elements 
for applying t*"** -'nitage (-Vs/2) in the address period, can be omitted. 

[0409] Fig. 71 is a circuit diagram showing another example of constmction of a driving apparatus according to 
this ninth embodiment. In Fig. 71, the components having the same functions as those in Fig. 70 or 63, are denoted by 
the same references as those in Fig. 70 or 63, respectively. Thus the repetitive descriptions thereof will be omitted. 
[0410] In the construction shown In Fig. 71, the driver circuits 51 and 51' on the common electrode X side and 
the scanning electrode Y side are respectively made as parts of LSIs such as scan driver circuits. Besides,- the 
switch SW8 connected to the power supply line of the voltage Vx* and the switch SW9' connected to the power supply 
line of the voltage Vw are provided on the common electrode X side and the scanning electrode Y side, respectively. 
On the scanning electrode Y side, the transistors Tr22 and Tr23 are omitted. 

[0411] Fig. 72 is a timing chart showing driving waveforms of the PDP by the driving apparatus constmcted as 
shown in Fig. 71. Fig, 72 shows one of the subfields making up one frame. The waveforms shown in Fig. 72 is almost 
the same as the waveforms shown in Fig. 69. These waveforms are generated by controlling ON/OFF of the switches 
SW1 to SW3, SW8, SWr to SW3\ and SW9', which are provided in common for all display lines, and the switches 
SW4, SW5, SW4', and SW5' in the scan drivers 51 and 51' for a display line i., at proper timings. 

[0412] In either of the constructions shown in Figs. 70 and 71. the heat which is otherwise generated in a 
concentrative manner due to the power consumption in the common circuit part, can be dispersed, thereby realizing a 
stable circuit operation. Besides, the degree of freedom of control in relation to each display line can be improved. 
[0413] In either of Figs. 70 and 71, all the switches SW4, SW5, SW4', and SW5' are disposed at such positions as 
shown in the first embodiment, i.e., within the driver circuits. Alternatively, the switches SW4 and SW4' can be 
disposed at such positions as shown in the second embodiment, i.e., within the power supply circuits. Or, the 
switches SW5 and SW5* can be disposed at such positions as shown in the third embodiment, i.e., within the power 
supply circuits. 

[0414] In this case, even in the driver circuits with LSI structures by scan drivers, on either the common 
electrode X side or the scanning electrode Y side, the switch necessary for each display line may be any one of the 
switches SW4 or SW4* and SW5 or SW5'. Thus the total number of switches can be considerably decreased, thereby 
reducing the circuit scale and cost, 

(Tenth Embodiment) 

[0415] Next, the tenth embodiment of the present invention will be described. 

[0416] In the above-described embodiments, either of the power supply voltages on the common electrode X side 
and the scanning electrode Y side is {+Vs/2), and the voltages in opposite phases are applied to the electrodes X and 
Y to apply the difference voltage Vs between both terminals of the load 20. That is, when the power supply voltages 
on the common electrode X side and the scanning electrode Y side are respectively represented by VI and V2, VI = 
V2. Contrastingly in this tenth embodiment, voltages of V1 < V2 or VI > V2 are used as the power supply voltages on 
the common electrode X side and the scanning electrode Y side. 

[0417] Fig. 73 is a circuit diagram showing a specific example of construction of a driving apparatus according 
to this tenth embodiment. In Fig. 73, the components having the same functions as those in Fig. 30, are denoted by 
the same references as those in Fig. 30. respectively. Thus the repetitive descriptions thereof will be omitted. 
[0418] The example of Fig. 73 differs from the example of Fig. 30 on the following point. In the first 
embodiment, the voltage (Vs/2) is applied to either of the power supply circuits 43 and 43* on the common electrode X 
side and the scanning electrode Y side (VI = V2 = Vs/2). Contrastingly in this tenth embodiment, voltages (Vs/3) and 
(2Vs/3) are respectively applied to the power supply circuits 43 and 43' on the common electrode X side and the 
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scanning electrode Y side (Vl = Vs/3 and V2 = 2Vs/3)- The other features are the same as those of the first 
embodiment. 

[0419] According to this tenth embodiment with such a construction, the absolute value of the voltage being 
applied to the power supply circuit 43 and the driver circuit 44 on the common electrode X side is Vs/3 at most. Thus 
the breakdown voltage of each element provided in those circuits can be set at Vs/3, so the breakdown voltage can be 
held down to 1/3 the conventional value. 

[0420] Besides, the absolute value of the voltage being applied to the power supply circuit 43' and the driver 
circuit 44' on the scanning electrode Y side is 2Vs/3 at most Thus the breakdown voltage of each element provided in 
those circuits can be set at 2Vs/3, so the breakdown voltage can be held down to 2/3 the conventional value. This 
makes it possible to use inexpensive small elements and so realize simplification in circuit construction and- 
reduction of manufacturing cost. 

[0421] For example, in case that the driver circuit on the common electrode X side is provided in common for all 
display lines of the PDP, and driver circuits on the scanning electrode Y side are provided as an LSI for the 
respective display lines of the PDP, the heat attendant upon power consumption on the scanning electrode Y side is 
dispersed to each display line, but the heat on the common electrode X side concentrates in one place, where a great 
deal of heat is generated. Thus, By applying the voltages to the common and scanning electrodes X and Y in relation 
of V1 < V2, the problem that the heat on the common electrode X side concentrates can be relieved. 
i5 [0422] Besides, as described before, the power loss when charging or discharging the load 20 is expressed by 
2Cp§l^il, i.e., proportional to the square of the magnitude of the applied voltage. Thus, in one of the common 
electrode X side and the scanning electrode Y side to which the lower voltage V is applied, the power loss can be 
fully held down, so no power recovery circuit may be provided. For this reason, it is also possible to provide a 
power recovery circuit on only one of the common electrode X side and the scanning electrode Y side. 
[0423] Besides, by making the voltages on the common electrode X side and the scanning electrode Y side differ, 
2^ either of the voltages on the common electrode X side and the scanning electrode Y side in reset period can be 
controlled properly. 

[0424] Fig. 74 is a timing chart showing driving waveforms of the PDP by the driving apparatus constructed as 
shown in Fig; 73. Fig. 74 shows one of the subfields making up one frame. Fig. 74 also shows a state that the voltage 
Vw is applied by making control of a switch (not shown in Fig. 73), which is exclusively used for the voltage. The 
basic forms of the driving waveforms shown in Fig. 74 are the same as those in Fig. 49, which were already described, 
but the amplitudes are different. 

[0425] According to the timing chart of Fig. 74, the breakdown voltages of the elements provided in the power 
supply circuit 43 and the driver circuit 44 on the common electrode X side can respectively be Vs/3 + Vw and Vs/3, so 
the breakdown voltage can be held down in comparison with the value in previously-considered apparatus. Besides, the 
breakdown voltages of the elements provided in the power supply circuit 43' and the driver circuit 44' on the 
30 scanning electrode Y side can respectively be 2Vs/3 + Vw and 2Vs/3. so the breakdown voltage can be held down in 
comparison with the value in previously-considered apparatus also on this side. 

[0426] Fig. 75 is a circuit diagram showing another example of construction of a driving apparatus according to 
this tenth embodiment. In Fig. 75, the components having the same functions as those in Fig. 73, are denoted by the 
same references as those in Fig. 73. respectively. Thus the repetitive descriptions thereof will be omitted. 
[0427] In this example of Fig. 75. the voltages V2 and V1 to be applied to the power supply circuits 43' and 43 

35 on the scanning electrode Y side and the common electrode X side are kVs and IVs, respectively (V1 + V2 = nVs). The 
other features are quite the same as those in Fig. 73. For example, when it is wanted to apply a high voltage between 
the common and scanning electrodes X and Y in order to improve the luminescence efficiency of a gas discharge, it is 
also possible that V1 = V2 = Vs (V1 + V2 = 2Vs). In this case, with each element in the driving apparatus having the 
same breakdown voltage as in previously-considered apparatus, a higher difference voltage can be applied between the 
common and scanning electrodes X and Y. 

40 [0428] In PDP, the voltage Vs to be applied between the common and scanning electrodes X and Y in sustain 
discharge period, is 150 to 190 V in general. This voltage is determined by the kind of gas charged within the PDP, 
the material of electrodes, the gap between the common and scanning electrodes X and Y, etc. The display luminance 
of PDP is determined by how many times the voltage Vs is applied between the common and scanning electrodes X and 
Y in sustain discharge period to make a gas discharge occur. The power required for a gas discharge in applying the 
voltage Vs each time is determined by the kind of gas, the material of electrodes, the gap between the electrodes, 
etc.. as described above. The ratio of the luminance to a unit of power is called luminescence efficiency, 
[0429] In PDP, there is a request to obtain a high luminance with a little power. If the kind of gas, the 
material of electrodes, the gap between the electrodes, etc., are selected in order to meet the request, i.e., for 
increasing the luminescence efficiency, , the voltage Vs becomes high. As a result the breakdown voltage of the 
circuit becomes high, resulting in a high cost Contrastingly, according to this embodiment without raising the 

50 breakdown voltage, the high voltage can be applied with the same breakdown voltage as in previously-considered 
apparatus, and the luminescence efficiency can be increased. 

(Eleventh Embodiment) 

[0430] Next, the eleventh embodiment of the present invention will be described. This eleventh embodiment is to 
55 give specific examples of the above tenth embodiment in which VI = 0 and V2 = Vs, or V1 = Vs and y2 = 0, and the 
driving waveforms in the sustain discharge period are applied through one of the common and scanning electrodes X 
and Y. 
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[0431] Fig. 76 is a circuit diagram showing a specific example of construction of a driving apparatus according 
to this eleventh embodiment. In Fig. 76, the components having the same functions as those in Fig. 48, are denoted by 
the same references as those in Fig. 48, respectively. Thus the repetitive descriptions thereof will be omitted. The 
example of Fig, 76 differs from the example of Fig. 48 only in the feature that the power supply voltage to which the 
switches SW1 and SWV are connected, is Vs in Fig. 76 though it is Vs/2 in Fig. 48. 

[0432] Fig. 77 is a timing chart showing an example of driving waveforms in a sustain discharge period by the 
driving apparatus shown in Fig. 76. In this example of Fig, 77, the driving waveforms on the common electrode X side 
is the same as those shown in Fig. 50 except the feature that the level of the voltage to be swung is Vs. Thus the 
repetitive description will be omitted. 

[0433] On the scanning electrode Y side, the switches SWV, SW3\ and SW5' are kept ON. and the switches SW2' 
and SW4' and the transistors Tr15 and Tr16 in the power recovery circuit 33 are kept OFF all during the execution of 
the series of switching operations on the common electrode X side. The voltage being applied to the scanning 
electrode Y is thereby always kept at zero (the ground level) through the switch SW3'. Alternatively, the reverse 
manner can also be employed in which the switches SW2' and SW4' are kept ON and the switches SWr, SW3', and 
SW5' are kept OFF to keep the voltage being applied to the scanning electrode Y at zero. 

[0434] In this manner, when the voltage on the scanning electrode Y side is fixed to the ground level, and Vs is 
used as a power supply voltage for the common electrode X side, the power loss on the common electrode X side 

15 becomes great in comparison with the above-described embodiments in which (Vs/2) is used as the power supply 
voltage. Thus, at least on the common electrode X side, such a power recovery circuit 22 is preferably provided. 
[0435] As described above, by fixing the voltage of one electrode (scanning electrode Y) when the voltage of the 
other electrode (common electrode X) is changed, a more stable circuit operation and more stable sustain discharges 
can be realized. Besides, the positive and negative voltages (^^s) can be applied from the scanning electrode Y side 
in the periods other than sustain discharge period. 

20 [0436] ^'n 78 is a circuit diagram showing another example of construction of a driving apparatus according to 
this eleventh embodiment. In Fig. 78, the components having the same functions as those in Fig. . 73, are denoted by 
the same references as those in Fig. 73, respectively. Thus the repetitive descriptions thereof will be omitted. In 
the example of Fig. 76. since the voltage on the scanning electrode Y side is fixed to the ground level, there is a 
redundancy in the construction on the scanning electrode Y side. Thus, in this example of Fig. 78, the construction 
on one electrode side is omitted so as simply to connect to the ground, 

2^ [0437] In this example of Fig. 78, a switch SW9' connected to the power supply line for the voltage Vw is 
provided on the scanning electrode Y side. Besides, a reset circuit made up from a switch SW20 and a resistor R5 is 
provided between both terminals of the switch SW5' on the scanning electrode Y side. Further in this example of Fig. 
78, the common electrode X side of the load 20 is grounded. In this manner, when the voltage on the common electrode 
X side is fixed to the ground level, and Vs is used as a power supply voltage for the scanning electrode Y side, the 

2^ power loss on the scanning electrode Y side becomes great in comparison with the above-described embodiments in 
which (Vs/2) is used as the power supply voltage. Thus, on the scanning electrode Y side, a power recovery circuit 33 
is preferably provided. The construction of such a power recovery circuit 33 is the same as that shown in Fig. 48. 
[0438] Fig. 79 is a timing chart showing driving waveforms of the PDF by the driving apparatus constructed as 
shown in Fig. 78. Fig. 79 shows one of the subfields making up one frame. In this example of Fig, 79, the driving 
waveforms on the scanning electrode Y side is the same as those in the already described embodiments (but the 

35 absolute value of the voltage to be applied is Vs or Vw'). The voltage of the common electrode X is fixed to the ground 
level. 

[0439] The address electrode A is fixed to the ground level but a voltage Va is applied to it in address period. 
The address electrode A may be kept in a high impedance state in sustain discharge period. 

[0440] Fig. 80 is a circuit diagram showing still another example of construction of a driving apparatus 
according to this eleventh embodiment. In Fig. 80, the components having the same functions as those in Fig. 78, are 
40 denoted by the same references as those in Fig. 78, respectively. Thus the repetitive descriptions thereof will be 
omitted, 

[0441] The common electrode X side of the load 20 is grounded in the above example of Fig. 78, but it is 
connected to the power supply line for a voltage Vax in this example of Fig. 80. In case of fixing the voltage on the 
common electrode X side to Vax, there is required a construction for selectively applying the offset voltage Vax to 
the scanning electrode Y so that the potential difference between the common and scanning electrodes X and Y in 
^5 sustain discharge period becomes Vs. 

[0442] The construction for this purpose comprises a power supply 55 of the voltage Vax connected to the ground, 
a switch SW29 connected between the power supply 55 and the third signal line OUTA', and a switch SW30 connected 
between the power supply 55 and the fourth signal line OUTB'. With this construction, when the switch SW29 is ON, the 
positive voltage (+Vax) is output on the third signal line OUTA'. When the switch SW30 is ON, the positive voltage 
(+Vax) is output on the fourth signal line OUTS'. Thus the voltage using this offset voltage (+Vax) can be applied 
from the third or fourth signal line OUTA' or OUTB' through the output line OUTC to the load 20. 
[0443] Fig. 81 is a timing chart showing driving waveforms of the POP by the driving apparatus constructed as 
shown in Fig. 80. Fig. 81 shows one of the subfields making up one frame. In this example of Fig. 81. the waveforms 
on the scanning electrode Y side in reset and address periods are the same as those in the already described 
embodiments (but the absolute value of the voltage applied is Vs or Vw*). 
5^ [0444] In sustain discharge period, by alternately turning the switches SW29 and SW30 ON, the voltage Vax is 
added as an offset voltage to the respective positive and negative voltages (+Vs) and (-Vs) applied to the scanning 
electrode Y. Contrastingly, the voltage of the common electrode X is fixed to Vax. Thus the potential difference 
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between the common and scanning electrodes X and Y in the sustain discharge period always becomes Vs. 
[0445] The address electrode A is fixed at the ground level during any period but address period in which the 
voltage Va is applied. During sustain discharge period, the address 
electrode A may be kept in a high impedance state. 

[0446] According to the driving apparatus constructed as shown in Fig. 78 or 80, the common electrode X side 
requires no power supply circuit and no driver circuit. This affords a considerably simple construction on the common 
electrode X side. 

[0447] Fig. 82 is a circuit diagram showing still another example of construction of a driving apparatus 
according to this eleventh embodiment. In Fig. 82. the components having the same functions as those in Figs. 78 and 
80, are denoted by the same references as those in Figs. 78, and 80, respectively. Thus the repetitive descriptions 
thereof will be omitted. 

[0448] In this driving apparatus shown in Fig. 82, the common electrode X side of the load 20 is connected to 
the power supply line for a voltage Vax through a switch 21. and grounded through a switch SW22. By turning one of 
the switches SW21 and SVV22. the voltage to be applied to the common electrode X can be changed over between the- 
ground level and Vax to use. 

[0449] Fig. 83 is a timing chart showing driving waveforms of the POP by the driving apparatus constructed as 
shown in Fig. 82. In this example of Fig. 83, the waveforms of the scanning and address electrodes Y and A are quite 
the same as those in Figs. 79 and 81. One of the ground level and Vax is applied to the common electrode X by being 
switched. More specifically, the voltage being applied to the common electrode X is fixed at the ground level during 
reset and sustain discharge periods, and at Vax during address period. 

[0450] Fig. 84 is a circuit diagram showing still another example of construction of a driving apparatus 
according to this eleventh embodiment. In the above examples of Figs. 78, 80, and 82, the voltage being applied to 
the common electrode X is fixed at the ground level or Vax. But in the driving apparatus shown in Fig. 84, the 
voltage ou u ic common electrode X side is not fixed, and various voltages may be applied at need. For this purpose, 
on the common electrode X side, a switch SW9 for switching operation in relation to the power -supply line for a 
voltage Vw*. and a switch SW14 for switching operation in relation to the power supply line for a voltage Vax, are 
connected in parallel to the second signal line OUTB. 

[0451] On the scanning line Y side, a switch SW18 is connected between the scan driver 31' and the power supply 
line for a voltage Vsc, and a switch SW19 is connected between the scan driver 31* and the power supply line for a 
voltage (-Vy). Both terminals of the scan driver 31* are respectively connected to switches SW23 and SW 24. The node 
between those switches SW23 and SW 24 is grounded. 

[0452] Fig. 85 is a timing chart showing driving waveforms of the POP by the driving apparatus constructed as 
shown in Fig. 84. Fig. 85 shows one of the subfields making up one frame. Referring to Fig. 85, on the common 
electrode X side, by ON/OFF control of the switches SW1 to SW5, SW9, and SW 14 at proper timings, pulses of various 
voltages, e.g., Vw* and Vax necessary in reset and address periods, other than the voltages (l^s) in sustain 
discharge period, are applied to the load 20. 

[0453] On the scanning electrode Y side, during reset and sustain discharge periods, by setting either of the 
switches SW18 and SW19 OFF, and either of the switches SW23 and SW24 ON, the voltage being applied is fixed at 
the ground level. In address period, by keeping the switches SW23 and SW24 OFF. By tuming the switches SW18 and 
SW19 ON, the voltage Vsc - (-Vy) is applied between both power supply terminals of the scan driver 31'. By 
controlling ON/OFF of the scan driver 31' at proper timings, a pulse voltage necessary for scanning is applied to the 
scanning electrode Y. With this construction, the circuit on the scanning electrode Y side can be further simplified, 
so it can be realized to reduce the manufacturing cost in comparison with the prior art. 

[0454] The address electrode A is fixed at the ground level during any period but address period in which the 
voltage Va is applied. During sustain discharge period, the address electrode 
A may be kept in a high impedance state. 

[0455] Fig. 86 is a circuit diagram showing still another example of construction of a driving apparatus according 
to this eleventh embodiment In Fig. 86, the components having the same functions as those in Fig, 84. are denoted by 
the same references as those in Fig. 84. respectively. Thus the repetitive descriptions thereof will be omitted. In 
the above example of Fig. 84, the switches SW23 and SW24 for setting the voltage being applied to the scanning 
electrode Y, at the ground level, are constructed as a common circuit for ail display lines of the POP. 
[0456] Contrastingly in the construction shown in Fig. 86, a switch 25 for setting the voltage being applied to 
the scanning electrode Y, at the ground level, is incorporated in the scan driver 31' as part of the scan driver 31'. 
Such a switch 25 is provided for every display line. By this construction, switching control can be individually made 
for each display line. Besides, the circuit on the scanning electrode Y side can be further simplified, so it can be 
realized to reduce the manufacturing cost in comparison with the prior art. The waveforms in this construction of 
Fig. 86 is the same as those of Fig. 85. 

(Twelfth Embodiment) 

[0457] Next, the twelfth embodiment of the present invention will be described. 

[0458] In the above-described first to eleventh embodiment, a positive voltage is applied to the power supply 
circuit, and positive and negative voltages are generated on the first and second signal lines OUTA and OUTB from the 
positive voltage. Contrastingly in this twelfth embodiment, a negative voltage is applied to the power supply circuit, 
and positive and negative voltages are generated on the output line OUTC through the first and second signal lines 
OUTA and OUTB from the negative voltage. 
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[0459] Fig. 87 is a circuif diagram showing a specific example of constaiction of a driving apparatus according 
to this twelfth embodiment. In Fig. 87, the components having the same functions as those in Fig. 9, are denoted by 
the same references as those In Fig. 9, respectively. Thus the repetitive descriptions thereof will be omitted. The 
example of Fig. 87 differs from the example of Fig. 9 op the point that the voltage to be applied to the power supply 
circuits 43 and 43* in Fig. 87 is a negative voltage (-Vs/2) though it is a 
positive voltage (+Vs/2) in the example of Fig. 9. 

[0460] So as to apply the voltage with the thus reversed polarity to the power supply circuits 43 and 43', the 
location of the capacitor C1 in Fig. 87 differs from that in Fig. 9. That is, the capacitor C1 is connected between 
the switches SW2 and SW3 in Fig. 9, but it is connected between the switches SW1 and SW2 in Fig. 87. 
[0461] Fig. 88 is a timing chart showing driving waveforms of the PDP by the driving apparatus constructed as 
shown in Fig. 87. In the above-described first to eleventh embodiment in which a positive voltage is applied to the 
power supply circuits 43 and 43', in the period till the capacitor C1 has stored charges, switching control of the 
switches SW1, SW3, and SW4 is mainly performed to apply a positive voltage to the load 20, and then switching control 
of the switches SW2 and SW5 is performed to apply a negative voltage to the load 20. 

[0462] Contrastingly in this twelfth embodiment in which a negative voltage is applied to the power supply 
circuits 43 and 43', in the period till the capacitor C1 has stored charges, switching control of the switches SW1, 
SW3, and SW5 is mainly performed to apply a negative voltage to the load 20. and then switching control of the 
switches SW2 and SW4 is performed to apply a positive voltage to the load 20. The other basic parts of the waveforms 
are the same as those already described, so the detailed description thereof will be omitted, 

[0463] Also according to this twelfth embodiment in which a negative voltage is applied to the power supply 
circuits 43 and 43', the breakdown voltage of each element provided in the power supply circuits 43 and 43' and the 
driver circuits 44 and 44' can be held down in comparison with its value in previously-considered apparatus. This 
makes it possible to use inexpensive small elements and so realize simplification in circuit construction and 
reductiori r.-ianufacturing cost. Alternatively, possible is the operation that the positive voltage is applied to the power 
supply circuits 43 and 43' of the twelfth embodiment shown in Fig, 87 to swing the voltage of the output line OUTC 
shown in Fig. 88 between GND and Vs. . 

[0464] Fig. 89 a circuit diagram showing another example of construction of a driving apparatus according to 
this twelfth embodiment. In Fig. 89, the same components as those in Figs. 87, 84. and 86 are denoted by the same 
reference as those in Figs. 87, 84, and 86, respectively. In this driving apparatus shown in Fig. 89. the idea of 
Fig. 87 is combined with the circuit shown in Fig. 84 or 86. With this construction, the circuits on the scanning 
electrode Y side shown in Fig. 84 or 86 can be reduced. Further, as occasion demands, it is also possible to set Vsc 
= Vs to eliminate the Vsc power supply. 

(Thirteenth Embodiment) 

[0465] Next, the thirteenth embodiment of the present invention will be described. 

[0466] Fig. 90 is a circuit diagram showing a specific example of construction of a driving apparatus according 
to this thirteenth embodiment. The construction shown in Fig. 90 is an application of the constnjction shown in Fig. 
9. In Fig. 90, the same references as in Fig. 9 denote the same parts as in Fig. 9. Thus the repetitive descriptions 
thereof will be omitted. 

[0467] Referring to Fig. 90. switches SW1 and SW2 on the common electrode X side are connected in series 
between the ground and the power supply line of a voltage (1/4Vs) generated from an A/D power supply (not shown). 
The node between the switches SW1 and SW2 is connected to one terminal of a capacitor C1. A switch SW3 is 
connected between the ground and the other terminal of the capacitor C1 . 

[0468] A switch SW27. a capacitor C7, and a switch SW28 are connected in series in parallel with the switches 
SW1 and SW2 connected between the ground and the power supply line of the voltage (1/4Vs). A switch SW26 is 
connected between the other terminal of the capacitor C1 and one terminal of the capacitor C7 connected to the switch 
SW27. A driver circuit 44 is connected between the one terminal of the capacitor C1 and the other terminal of the 
capacitor C 7. This driver circuit 44 comprises two switches SW4 and SW5. 

[0469] On the scanning electrode Y side, switches SWV and SW2' are connected in series between the ground 
and the power supply line of a voltage (1/4 Vs) generated from an A/D power supply (not shown). The node between the 
switches SW1' and SW2' is connected to one terminal of a capacitor C4. A switch SW3' is connected between the 
ground and the other terminal of the capacitor C4. 

[0470] A switch SW27', a capacitor C8, and a switch SW28' are connected in series in parallel with the switches 
SWr and SW2' connected between the ground and the power supply line of the voltage (1/4Vs). A switch SW26' 
is connected between the other terminal of the. capacitor C4 and one terminal of the capacitor C8 connected to the 
switch SW27'. A driver circuit 44' is connected between the one terminal of the capacitor C4 and the other terminal 
of the capacitor C 8. This driver circuit 44' comprises two switches SW4' and SW5*. 

[0471] Fig. 91 is a timing chart showing a specific example of driving waveforms in a sustain discharge period 
by the driving apparatus of this embodiment. 

[0472] Referring to Fig. 91. firstly, five switches SW1. SW3, SW27, SW28. and SW5 are turned ON, and the 
remaining switches SW2, SW26, and SW4 are kept OFF. The voltage of the first signal line OUTA thereby rises to the 
voltage level (1/4Vs) applied through the switch SW1, and the voltage of the second signal line OUTB remains at the 
ground level. At this time, the charges corresponding to the voltage (1/4Vs) are stored in the capacitors CI and C7. 
Further, by turning the respective switches SW5 and SW4 OFF and ON, the -voltage (Vs/4) of the first signal line OUTA 
is output on the output line OUTC to be applied to the common electrode X of the load 20. 
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[0473] Next, the switches" SW26, SW27. SW28. and SW4 are set ON. and the remaining switches SW1, SW2. 
SW3, and SW5 are set OFF. With this operation, the capacitors 01 and 07 are connected in series between the ground 
and the power supply line of the voltage (1/4Vs). Since the charges corresponding to the voltage (iy4Vs) are stored in 
the capacitors 01 and 07. the charges in the capacitors 01 and 07 are summed to generate the voltage of (Vs/2) of the 
first signal line OUTA. Even in this state, the voltage of the second signal line OUTB still remains at the ground 
level. At this time, since the respective switches SW5 and SW4 are OFF and ON, the voltage (Vs/2) of the first signal 
5 line OUTA is output on the output line OUTC to be applied to the common electrode X of the load 20. 

[0474] At the next timing, the switches SW1. SW3, SW27, SW28. and SW4 are set ON. and the remaining 
switches SW2, SW26. and SW5 are set OFF. The voltage (Vs/4) is thereby applied to the first signal line OUTA through 
the switch SW1. In this state, the voltage of the second signal line OUTB remains at the ground level. At this time, 
since the respective switches SW5 and SW4 are OFF and ON, the voltage (Vs/4) of the first signal line OUTA is output 
on the output line OUTC to be applied to the common electrode X of the load 20. 

[0475] Next, the switches SW4 and SW5 are turned OFF and ON, respectively. The voltage of the second signal 
line OUTB is thereby output on the output line OUTC to set the voltage being applied to the common electrode X of the 
load 20 at the ground level. 

[0476] After this, the switches SW3. SW26. and SW5 are turned ON, the remaining switches SW1, SW2, SW27, 
SW28. and SW4 are turned OFF. The voltage of the second signal line OUTB is thereby lowered to (-Vs/4) 
iS in accordance with the charges accumulated in the capacitor 07. At this time, since the switch SW5 is ON. the 
voltage (-Vs/4) of the second signal line OUTB is output on the output line OUTC to be applied to the common 
electrode X of the load 20. 

[0477] Next, the' switches SW3 and SW2 are turned OFF and ON, respectively. This makes the state that the 
capacitors 01 and 07 are connected in series between the common electrode X and the ground. At this time, since the 
charges corresponding to (Vs/4) are accumulated in either of the capacitors 01 and 07, the voltage of the second 
20 signal In.c OUTB is lowered to (-Vs/2) as a result of addition of the charges in those two capacitors 01 and C7. The 
voltage of the first signal line OUTA remains at the ground level. At this time, since the -switch-- SWS-.is ON. the 
voltage (-Vs/2) of the second signal line OUTB is output on the output line OUTC to. be applied to the common 
electrode X of the load 20. 

[0478] After this, the switches SW2 and SW3 are again turned OFF and ON, respectively. By this operation, the 
voltage of the first signal line OUTA is raised to (+Vs/4). and the voltage of the second signal line OUTB is lowered 
25 to (-Vs/4). At this time, since the switch SW5 is ON. the voltage {-Vs/4) of the second signal line OUTB is output on 
the output line OUTC to be applied to the common electrode X of the load 20. 

[0479] Next, similariy to the first state, five switches SW1. SW3, SW27. SW28, and SW5 are turned ON. and the 
remaining switches SW2. SW26, and SW4 are turned OFF. The voltage of the first signal line OUTA is set at (Vs/4), 
and the voltage of the second signal line OUTB is set at the ground level. At this time, the voltage of the second 
signal line OUTB is output on the output line OUTC to be applied to the common electrode X of the load 20. After this, 
the same operation is repeated. , ^ x, • 

[0480] Although not shown in Fig. 91. a simitar switching control to that on the common electrode X side is 
performed in relation to the switches SWr, SW2', SW3'. SW26', SW27\ SW28', SW4', and SW5' on the scanning 
electrode Y side. But, as shown in Fig. 91 , the switching control is performed such that the output voltages of the 
output lines OUTC and OUTC on the common electrode X side and the scanning electrode Y side are. reverse in 

35 polarity to each other. • • ^ *■ 

[0481] As described above, according to this embodiment, the waveforms in which tl^e positive and negative 
voltages (i^s/2) are alternately repeated, can be generated on the output lines OUTC and OUTC with a single power 
supply for generating the voltage (Vs/4). By applying the positive and negative voltages (f^s/2) thus generated are 
applied in opposite phases to the output lines OUTC and OUTC on the common electrode X side and the scanning 
electrode Y side, the difference voltage (Vs) can be applied between the common and scanning electrodes X and Y of 

40 the load 20. 

[0482] As described above, when driving the capacitive load 20, the power is expressed by 2CpSI m using the 
capacitance Cp of the load 20, the driving voltage V of the load 20, and the frequency when the voltage is applied to 
the load 20. According to this embodiment, the absolute value of the voltage to be applied to the load 20 suffices to 
be 1/4 the conventional one. Instead of this, however, the frequency when the voltage is applied to the load 20 
becomes four times. Consequently, the power loss when driving the load 20 is expressed by 2Cp?V/4)2?4f). This 
shows that the power loss can be held down to 1/4 the conventional one. Thus, even in ease of providing- no power 
supply circuit, the power use efficiency can be improved in comparison with the prior art. 
[0483] In this example, the positive and negative voltages (Ks/2) are applied in opposite phases between the 
common and scanning electrodes X and Y. But. for example, the positive and negative voltages (l^s) may be applied to 
the common electrode X while the scanning electrode Y side is connected to the ground, like the eleventh embodiment. 
50 In this case, the constaiction shown in Fig. 92 can be used. In the construction shown in Fig. 92. the construction 
on the common electrode X side is almost the same as that shown in Fig. 90 except the feature that the power supply 
line is not of (Vs/4) but of (Vs/2). In the construction shown in Fig. 92. the scanning electrode Y side is connected to 
the ground. The driving waveforms in this case are as shown in Fig. 93. 

[0484] As described above, according to the example of Fig. 93. the waveforms in which the positive and negative 
voltages (Ks) are alternately repeated, can be generated on the output lines OUTC with a single power supply for 
55 generating the voltage (Vs/2). . ^ 

[0485] In the example of Fig. 90, the driving waveforms are generated with an A/D power supply of the voltage 
(Vs/4). But, by further adding, in series, low-voltage and low-power power supply circuit sections each having the 
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same construction as the switches SW26 to SW28 and the capacitor C7 as. shown in Fig. 90, the same driving 
waveforms can be generated with an A/D power supply of a smaller voltage (e.g., Vs/8, Vs/16, ...). Thus the power 
loss when driving the load 20 can be reduced more. For example, when n stages of such low-voltage and low-power 
power supply circuit sections are provided in series, the power loss when driving the load 20 is expressed by 
2Cp?V/n) ^?nf). This shows that the power loss can be held down to 1/n the conventional one. 

5 [0486] Fig. 94 is a circuit diagram showing another example of construction of a driving apparatus according to 
this thirteenth embodiment. In Fig. 94, the components having the same functions as those in Fig. 90, are denoted by 
the same references as those in Fig, 90, respectively. Thus the repetitive descriptions thereof will be omitted. 
[0487] In the driving apparatus shown in Fig. 94. in addition to the construction shown in Fig. 90. switches 
SW30 and SW30* are provided on the common electrode X side and the scanning electrode Y side, respectively. The 
switch SW30 is connected between one terminal of the capacitor C1 and the other side terminal of the capacitor C7. 

10 The switch SW30' is connected between one terminal of the capacitor C4 and the other side terminal of the capacitor 
C8. As shown in Fig. 94, the connecting manners of the switches SW28 and SW28' differ from those in Fig. 90. The 
switch SW1 is connected between the Vs/4 power supply line and one terminal of the capacitor C1. The switch SW1' Is 
connected between the Vs/4 power supply line and one terminal of the capacitor C4. One terminal of the capacitor C7 
is connected to the first signal line OUTA. One terminal of the capacitor 08 is connected to the third signal line OUTA'. 
[0488] Fig. 95 is a timing chart showing an specific example of driving waveforms in sustain discharge period by 
the driving apparatus shown in Fig. 94. 

[0489] Referring to Fig. 95, the waveform of the first signal line OUTA on the common electrode X side is the 
same as that shown in Fig. 91 except two differences described below. On the first difference, in the example of Fig. 
91. the voltage of the second signal line OUTB is fixed to the ground level when the positive voltage is applied to the 
first signal line OUTA. Contrastingly in the example of Fig. 95, the voltage of the second signal line OUTB is raised 
to (+V?/'4^ while the voltage of the first signal line OUTA is (+Vs/2). 

[0490] On the second difference, in the example of Fig. 91, the voltage of the first signal line OUTA is at the 
ground level while the voltage of the second signal line OUTB is (-Vs/2). Contrastingly in the example of Fig. 95, 
the first signal line OUTA is lowered to the (-Vs/4) level. This second difference will be described below in detail. 
[0491] The switches SW1. SW2, SW4, SW27, and SW28 are set OFF, and the switches SW3, SW5, and SW26 
are set ON to lower the voltage of the second signal line . OUTB from the ground level to (-Vs/4). At this time, by 
25 keeping the switch SW30 OFF, the voltage of the first signal line OUTA is lowered from (Vs/4) to the ground level. 
Although the switches SW3 and SW26 are turned ON in this example, the switches SW2 and SW27 may be turned ON 
while the switches SW3 and SW26 are kept OFF. Further, when the switch SW28 is also turned ON, the charges 
accumulated in the capacitor CI can be more efficiently used because the capacitors C7 and CI can be connected in 
parallel. 

[0492] Next, in the state that the voltages of the first and second signal lines OUTA and OUTB are thus 
30 respectively set at the ground level and (-Vs/4), the switches SW2 and SW3 are turned ON and OFF, respectively. The 
voltages of the first and second signal lines OUTA and OUTB are thereby lowered from the ground level to {-Vs/4) and 
from (-Vs/4) to (-Vs/2), respectively. 

[0493] After this, the switches SW2 and SW3 are again turned OFF and ON, respectively. The voltages of the first 
and second signal lines OUTA and OUTB are thereby raised to the ground level and (-Vs/4), respectively. Next, like 
the first state, the switches SW1, SW3, SW27, SW28, and SW5 are turned ON, and the remaining switches SW2, 
25 SW26, SW4, and SW30 are tumed OFF. The voltages of the first and second signal lines OUTA and OUTB are thereby 
set at (Vs/4) and the ground level, respectively, 

[0494] A similar switching control to that on the common electrode X side is performed in relation to the 
switches SWr, SW2', SW3', SW26', SW27', SW28', SW4\ SW5\ and SW30' on the scanning electrode Y side. But, as 
shown in Fig. 94, the switching control is performed such that the output voltages of the output lines OUTC and OUTC 
on the common electrode X side and the scanning electrode Y side are reverse in polarity to each other. 
[0495] As described above, also in the example of construction of Fig. 94, the waveforms in which the positive 
and negative voltages (l^s/2) are alternately repeated, can be generated on the output lines OUTC and OUTC with a 
single power supply for generating the voltage (Vs/4). By applying the positive and negative voltages (l^s/2) thus 
generated are applied in opposite phases to the output lines OUTC and OUTC on the common electrode X side and the 
scanning electrode Y side, the difference voltage (Vs) can be applied between the common and scanning electrodes X 

45 and Y of the load 20. In this manner, since the absolute value of the voltage to be applied to the load 20 suffices 
to be 1/4 the conventional one, the power loss can be held down to 1/4 the conventional one. Thus, even in case of 
providing no power recovery circuit, the power use efficiency can be improved in comparison with the prior art 
[0496] For setting the voltage of the output line OUTC (OUTC) at the ground level, a method is thinkable in 
which the voltages of the first and second signal lines OUTA (OUTA*) and OUTB (OUTB') are respectively set at the 
ground level and (-Vs/4), and then the switch SW4 (SW4') is turned ON. However, in order to obtain ionger periods for 

50 charging the capacitors CI, 07, 04, and C8, the example shown in Fig. 94 is preferable. 

[0497] In this example, the. positive and negative voltages (f5s/2) are applied in opposite phases between the 
common and scanning electrodes X and Y. But, for example, the positive and negative voltages (S^s) may be applied to 
the common electrode X while the scanning electrode Y side is connected to the ground, like the eleventh embodiment. 
In this case, the construction shown in Fig. 96 can be used. In the construction shown in Fig. 96, the construction 
on the common electrode X side is almost the same as that shown in Fig. 94 except the feature that the power supply 

55 line is not of (Vs/4) but of (Vs/2). In the construction shown in Fig. 96, the scanning electrode Y side is connected 
to the ground. The driving waveforms in this case are as shown in Fig. 97. 

[0498] As described above, according to the example of Fig. 96, the waveforms in which the positive and negative 
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voltages (S^s) are alternately-repeated, can be generated on the output lines OUTC and OUTC with a single power 
supply for generating the voltage (Vs/2). 

[0499] In the example of Fig. 94. the driving waveforms are generated with an A/D power supply of the voltage 
(Vs/4). But, by further adding, in series, low-voltage and low-power power supply circuit sections each having the 
same construction as the switches SW26 to SW28 and the capacitor C7 as shown in Fig. 94, the same driving 
waveforms can be generated with an A/D power supply of a smaller voltage (e.g., Vs/8, Vs/16, ...). Thus the power 
loss when driving the load 20 can be reduced more. For example, when n stages of such low-voltage and low-power 
power supply circuit sections are provided in series, the power loss when driving the load 20 is expressed by 
2Cp?V/n) 2?nf). This shows that the power loss can be held down to 1/n the conventional one. 

[0500] Fig. 98 is a circuit diagram showing another example of construction of a driving apparatus according to 
this thirteenth embodiment. In Fig. 98, the components having the same functions as those in Figs. 96 and 84, are 
10 denoted by the same references as those in Figs. 96 and 84, respectively. Thus the repetitive descriptions thereof 
will be omitted. 

[0501] In the driving apparatus shown in Fig. 98, combined are the feature that two stages of low-voltage and 
low-power circuit sections are provided in series on the common electrode X side as shown in the example of Fig. 96, 
the feature that the negative voltage (-Vs/2) is used as a power supply as shown in Fig. 87, and the feature that the 
scanning electrode Y side is made up from the scan driver 31' and the power supply line of the voltage Vsc, and the 
voltages (i^s) are applied to one side of the load 20, as shown in Fig. 84. 

[0502] This construction makes It possible to apply the voltages (Itis) to the load 20 from the common electrode 
X side, thereby simplifying the circuit construction on the scanning electrode Y side. Besides, the external power 
supply voltage is (-Vs/2), and the power loss In relation to the load 20 becomes half that of previously-considered 
apparatus. Further, the breakdown voltage of either of the driver circuit 44 and the scan driver 31' is sufficed by 
Vs/2 or more (in case of Vsc = Vs/2). This shows that the breakdown voltage can be held down to half the value in 
previously-considered apparatus. 

[0503] Fig. 99 is a timing chart showing a specific example of driving waveforms in sustain discharge period by 
the driving apparatus shown in Fig. 98. 

[0504] Referring to Fig. 99, the driving waveforms of the output lines OUTC and OUTC on the common electrode X 
side and the scanning electrode Y side are quite the same as those shown in Fig. 97. In the example of Fig. 97, the 

25 duration of either of the driving waveforms of the first and second signal lines OUTA and OUTB on the common 
. electrode X side in the period of the (Vs/2) level is longer than that in the period of the ground level. This 
relation is reverse in the example of Fig. 99, i.e. the duration thereof in the period of the ground level is longer 
than that in the period of the (Vs/2) level. The other features of the waveforms in both drawings are almost the same. 
[0505] For setting the voltage of the output line OUTC at the ground level, a method is thinkable in which the 
voltages of the first and second signal lines OUTA and OUTB are respectively set at (Vs/2) and the ground level, and 

30 then the switch SW5 is turned ON. However, in order to obtain longer periods for charging the capacitors C1 and C7, 
the example shown in Fig. 99 is preferable, in which the voltages of the first and second signal lines OUTA and OUTB 
are respectively set at the ground level and (-Vs/2), and then the switch SW4 is turned ON. 

[0506] Besides, for setting the voltages of the first and second signal lines OUTA and OUTB respectively at (Vs/2) 
and the ground level, the switches SW1 and SW30 are turned ON In the example of Fig. 99. Alternatively, the switches 
SW2 and SW28 may be turned ON. Further, when the switch SW27 is also turned ON, the charges accumulated in the 
capacitor C1 can be more efficiently used. 

[0507] The first to thirteenth embodiments of the present invention have been described above. Any of those 
driving apparatus is applicable to a plasma display apparatus. The construction of such a plasma display apparatus is 
as shown in Figs. 1 to 3. 

(Fourteenth Embodiment) 

[0508] Next, the fourteenth embodiment of the present invention will be described. 

[0509] In this fourteenth embodiment, the driving method shown in any of the above-described embodiments is 
applied to the driving method described in Japanese Patent No. 2801893. which has been acquired by the present 
applicant. 

45 [0510] Figs. 100 and 101 respectively show schematic constructions of the POP and the plasma display apparatus 
described in the Japanese Patent No. 2801893. Fig. 102 shows a schematic construction of a driving apparatus for 
realizing the driving method described in the Japanese Patent No. 2801893. 

[0511] The driving method described in the Japanese Patent No. 2801893 will be briefly described below 
with reference to Fig. 102. Referring to Fig. 102, of common electrodes X formed on one surface of a load 20 (POP) 
to run parallel with one another, the common electrodes Xo in odd numbers are connected to an Xo driver 61 for odd 

50 number, and the common electrodes Xe in even numbers are connected to an Xe driver 62 for even number. 

[0512] Scanning electrodes Y1 to Yn formed on the one surface of the load 20 (PDP) to run parallel with one 
another, are respectively connected to scan drivers 31'.i to 31'^ provided for the respective display lines. Of these 

scan drivers sr,,, to 31'^, the scan drivers SI'.,, 3r.3 in odd numbers are connected to a Yo common circuit 63 

for odd number, and the scan drivers 31 '.2. 31'^, .... are connected to a Ye common circuit 64 for even number. 

5g [0513] At a timing tl, the common and scanning electrodes X and Y are driven by the combination of the Xo driver 
61 and the Yo common circuit 63, and the combination of the Xe driver 62 and the Ye common circuit 64. At the next 
timing t2, the common and scanning electrodes X and Y are driven by the combination of the Xo driver 61 and the Ye 
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common circuit 64, and the combination of the Xe driver 62 and the Yo common circuit 63. 

[0514] The above operations are repeated alternately with displaying the odd and even display lines in separate 
fields, thereby displaying the whole picture. While the drives corresponding to the drives at the above timings t1 are 
only performed in the conventional plasma display apparatus shown in Fig. 1, drives for interpolation of the drives 
of the display lines at the timings t1 are performed at timings t2 in the example of Fig. 102. This makes it possible 
to double apparently the number of display lines of the PDP, and improve the resolution and luminance of display. 
[0515] In this fourteenth embodiment, the construction described in any of the above-described first to 
thirteenth embodiments is applied to each of the Xo driver 61, the Xe driver 62. the Yo common circuit 63. and the Ye 
common circuit 64 shown in Fig. 102. 

[0516] More specifically, the load 20 shown in Fig. 102 is a plasma display panel, and the operations, e.g., 
described with reference to Figs. 63 to 67 can apply to the Xo and Xe drivers 61 and 62 and the Yo and Ye common 
circuits 63 and 64. The scan driver 31' shown in Fig. 63 can apply to each of the scan drivers 31'.-,, 31'^, ... shown in 
Fig. 102. 

[0517] With this construction, the breakdown voltage of each element can be held down. Besides, with realizing a 
power saving by lowering used voltages, and a reduced cost by lowering used voltages and breakdown voltages, the 
display resolution and the luminance of PDP can be improved. 

(Fifteenth Embodiment) 

[0518] Next, the fifteenth embodiment of the present invention will be described. 

[0519] Fig. 103 shows an example in which the construction shown in Fig. 9 is modified. In Fig. 103, the 
corresponding parts to those in Fig. 9 are denoted by the same references as those in Fig. 9, respectively. This 
example of Fig. 103 differs from the example of Fig. 9 only on the feature of the input voltage of the power supply 
circuit. Consequently, the output waveforms of the output lines OUTC and OUTC are as shown in Fig. 104. The specitii- 
operation is the same as that in case of the example of Fig. 2, so the description thereof is omitted. 

(Another Embodiment) 

[0520] Fig. 105 is a circuit diagram showing another embodiment of the present invention. Fig. 105 shows another 
method for applying a voltage to the capacitor CI. More specifically, a power supply of VIN is provided on the 
primary side. On the secondary side, the voltage nVIN that is n times the input voltage VIN (n is an arbitrary number) 
is generated using the coils LI and L2 to be applied to the capacitor CI. Using the switches SW2 and SW3, the 
operation of each of the above-described embodiments is realized. With this constmction, the switch SW1 can be 
omitted, and the power supply can be simplified. 

[0521] in the above embodiments, the driving voltage is applied to loads of flat display apparatus, in 

particular, of AC-driven PDP apparatus. However, the present invention is not limited to those examples and can also 
apply to apparatus other than such flat display apparatus. 

Claims 

1. A driving apparatus for applying predetermined voltages to a load, 

said apparatus comprising a first signal line for supplying a voltage at a first level to one side of said 
load, and a second signal line for supplying a voltage at a second level to said one side of said load, 

wherein the voltage of said second signal line is set at a third level and the voltage of said first signal 
line is set at said first level so that the voltage at said first level is supplied to said load through said 
first signal line, and 

the voltage of said first signal line is set at said third level and the voltage of said second signal line 
is set at said second level so that the voltage at said second level is supplied to said load through said second 
signal line. 

2. An apparatus according to claim 1, further comprising a driving circuit provided between said first and second 
signal lines for driving said load, wherein said driving circuit selectively applies the voltage at said first 
level given through said first signal line and the voltage at said second level given through said second signal 
line to said one side of said load. 

3. An apparatus according to claim 1, wherein said third level is the ground level. 

4. An apparatus according to claim 1, wherein the other side of said load is connected to a fixed power supply or 
the ground. 

5. An apparatus according to claim 1, wherein the other side of said load is connected through a switching element 
to a fixed power supply or the ground. 

6. An apparatus according to claim 1, wherein said load is a plasma diisplay panel, and the other side of said load 
is connected to a fixed power supply through a scan driver circuit for generating a pulse to be applied in 
address period, and a switching element. 
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7. An apparatus according to ciaim 6, wherein said scan driver circuit is connected also to the ground through a 
switching element. 

8. An apparatus according to claim 7, wherein said switching element connected to the ground is provided within 
said scan driver circuit. 

9. An apparatus according to claim 1, wherein a power supply for generating a positive voltage in relation to said 
third level is used for supplying the voltages at said first, second, and third levels to said first and second 
signal lines. 

10. An apparatus according to claim 1, wherein a power supply for generating a negative voltage in relation to said 
third level is used for supplying the voltages at said first, second, and third levels to said first and second 
signal lines. 

11. An apparatus according to claim 1, further comprising a third signal line for supplying a voltage at a fourth 
level to the other side of said load, and a fourth signal line for supplying a voltage at a fifth level to said 
other side of said load, 

wherein the voltage of said fourth signal line is set at a sixth level and the voltage of said third signal 
line is set at said fourth level so that the voltage at said fourth level is supplied to said load through said 
third signal line, and 

the voltage of said third signal line is set at said sixth level and the voltage of said fourth signal line 
is set at said fifth level so that the voltage at said fifth level is supplied to said load through said fourth signal line. 

12. An apparatus according to claim 11. wherein the voltage at said fifth level is supplied -to said other side of 
said load through said fourth signal line while the voltage at said first level is supplied to said one side of 
said load through said first signal line, and 

the voltage at said fourth level is supplied to said other side of said load through said third signal line 
while the voltage at said second level is supplied to said one side of said load through said second signal line, 
thereby applying said predetermined voltage to said load. 

13. An apparatus according to claim 11, wherein said first and second levels are respectively equal to said fourth 
and fifth levels, said third and sixth levels are respectively the ground level, and a common power supply for 
generating the voltage at said first and fourth or second and fifth level on both sides of said load is provided. 

14. An apparatus according to claim 11, wherein said first and second levels are different from said fourth and 
fifth levels, respectively. 

15. An apparatus according to claim 14, wherein either said first or second level, and either said fourth or fifth 
level are respectively the ground level. 

16. An apparatus according to claim 11. wherein a power supply for generating a positive voltage in relation to said 
sixth level is used for supplying the voltages at said fourth, fifth, and sixth levels to said third and fourth signal lines. 

17. An apparatus according to claim 11, wherein a power supply for generating a negative voltage in relation to 
said sixth level is used for supplying the voltages at said fourth, fifth, and sixth levels to said third and. 
fourth signal lines. 

18. An apparatus according to claim 12, wherein the timing for supplying the voltage at said first level to said 
one side of said load is eariier than the timing for supplying the voltage at said fifth level to said other side 
of said load, and the timing for supplying the voltage at said fourth level to said other side of said load is 
earlier than the timing for supplying the voltage at said second level to said one side of said load. 

19. An apparatus according to claim 18, wherein the pulse width of the voltage at said first level is greater than 
the pulse width of the voltage at said fifth level, and the pulse width of the voltage at said fourth level is 
greater than the pulse width of the voltage at said second level. 

20. An apparatus according to claim 12, wherein the timing for supplying the voltage at said fifth level to said 
other side of said load is eariier than the timing for supplying the voltage at said first level to said one side 
of said load, and the timing for supplying the voltage at said second level to said one side of said load is 
earlier than the timing for supplying the voltage at said fourth level to said other side .of said load. 

21. An apparatus according to claim 20, wherein the pulse width of the voltage at said fifth level is greater than 
the pulse width of the voltage at said first level, and the pulse width of the voltage at said second level is 
greater than the pulse width of the voltage at said fourth level. 
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22. An apparatus according" to ciaim 12, wherein the voltage at said first level is supplied to said one side of 
said load in the state that the voltage at said fifth level is supplied to said other side of said load, and the 
voltage at said fourth level is supplied to said other side of said load in the state that the voltage at said 
second level is supplied to said one side of said load. 

23. An apparatus according to ciaim 12, wherein the voltage at said fifth level is supplied to said other side of said 
load in the state that the voltage at said first level is supplied to said one side of said load, and the voltage 
at said second level is supplied to said one side of said load in the state that the voltage at said fourth level 
is supplied to said other side of said load. 

24. An apparatus according to claim 22. wherein the voltage at said fourth level is supplied to said other side of 
said load before the voltage being applied to said one side of said load is changed from the voltage at said 
first level to the voltage at said second level, said one side of said load is made in a high impedance state, 
and the voltage at said fourth level supplied to said other side of said load is changed to the voltage at said 
fifth level. 

25. An apparatus according to claim 12, wherein the voltage at said fourth level is supplied to said other side of 
said load before the voltage being applied to said one side of said load is changed from the voltage at said 
first level to the voltage at said third level, said one side of said load is made in a high impedance state, and 
the voltage at said fourth level supplied to said other side of said load is changed to the voltage at said sixth level. 

26. An apparatus according to claim 12, wherein the timing for supplying the voltage at said first level to said 
one side of said load is earlier than the timing for supplying the voltage at said fifth level to said other side 

said load, and the timing for supplying the voltage at said second level to said one side of said loa- !- 
earlier than the timing for supplying the voltage at said fourth level to said other side of said load. 

27. An apparatus according to claim 1, further comprising: 

first and second switches connected in series between a first power supply for supplying the voltage at said 
first or second level, and a second power supply for supplying the voltage at said third level; 

a capacitor whose one terminal is connected to the node between said first and second switches; and 

a third switch connected between the other terminal of said capacitor and said second power supply. 

wherein said first and second signal lines are connected to both terminals of said capacitor, and 
said first and second signal lines are connected to said one side of said load. 

28. An apparatus according to claim 27, further comprising: 

fourth and fifth switches connected in series between said first and second signal lines connected to both 
terminals of said capacitor, 

wherein the node between said fourth and fifth switches is connected to said one side of said load. 

29. An apparatus according to claim 27, further comprising: 

sixth and seventh switches connected in series between a third power supply for supplying the voltage at 
said fourth or fifth level, and a fourth power supply for supplying the voltage at said sixth level; 

a capacitor whose one terminal is connected to the node between said sixth and seventh switches; and 

an eighth switch connected between the other terminal of said capacitor and said fourth power supply, 

wherein said third and fourth signal lines are connected to both terminals of said capacitor, and 
said third and fourth signal lines are connected to said other side of said load. 

30. An apparatus according to claim 29, further comprising: 

ninth and tenth switches connected in series between said third and fourth signal lines connected to both 
terminals of said capacitor, 

wherein the node between said ninth and tenth switches is connected to said other side of said load. 

31. An apparatus according to claim 28, wherein said fourth switch is turned ON after said first switch is turned ON. 

32. An apparatus according to claim 28, wherein said first switch is turned ON after said fourth switch is turned ON. 

33. An apparatus according to claim 27, wherein each of said first to third switches is made up from a MOSFET and a 
diode connected to said MOSFET. 
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34. An. apparatus according to claim 27, wherein said first switch is made up from a p- or n-channel MOSFET 
connected to said first power supply, and a diode whose anode is connected to the drain or source of said p- or n- 
channel MOSFET. ' . 

35. An apparatus according to claim 27, wherein said second switch is made up from an n-channel MOSFET 
connected to said second power supply, and a diode whose cathode is connected to the drain of said n-channel 
MOSFET. 

36. An apparatus according to claim 27, wherein said third switch is made up into two sets of a MOSFET and a diode 
connected to said MOSFET. said two sets being connected to each other. 

37. An apparatus according to claim 28. wherein control of said first to fifth switches is performed in accordance 
with a program recorded in a recording medium. 

38. An apparatus according to claim 1 , further comprising: 

first, fourth, and second switches connected in series between a first power supply for supplying the 
voltage at said first or second level, and a second power supply for supplying the voltage at said third level; 

a capacitor whose one terminal is connected to the node between said fourth and second switches; 

- a third switch connected between the other terminal of said capacitor and said second power supply; and 

a fifth switch connected between said first signal line connected to the node between-said first and fourth 
switches, and said second signal line connected to said other terminal of said capacitor. 

wherein said load is connected to the node between said first signal line and said fifth switch. 

39. An apparatus according to claim 1, further comprising: 

first and second switches connected in series between a first power supply for supplying the voltage at said 
first or second level, and a second power supply for supplying the voltage at said third level; 

a capacitor whose one terminal is connected to the node between said first and second switches; 

fifth and third switches connected in series between the other terminal of said capacitor and said second 
power supply; and 

a fourth switch connected between said first signal line connected to said one terminal of said capacitor, 
and said second signal line connected to the node between said fifth and third switches, 

wherein said load is connected to the node between said fourth switch and said second signal line. 

40. An apparatus according to claim 27, further comprising an offset circuit for generating an offset voltage on 
said first and second signal lines. 

41. An apparatus according to claim 29, further comprising a circuit for supplying a voltage other than said 
predetermined voltage to said load. 

42. An apparatus according to claim 41, wherein said load is a plasma display panel, and said apparatus further 
comprises a sixth switch between a power supply for generating a write voltage in reset period, and said fourth 
signal line. 

43. An apparatus according to claim 42, wherein the sum of the voltage supplied from said first power supply, and 
the voltage supplied from said power supply for generating a write voltage, is applied to said load. 

44. An apparatus according to claim 42, wherein only the voltage supplied from said power supply for generating a 
write voltage, is applied to said load. 

45. An apparatus according to claim 42, wherein a pulse in which the voltage being applied changes gradually with 
time elapsing, is applied to said load in reset period. 

46. An apparatus according to claim 29, further comprising plurality of circuits for applying voltages other than 
said predetermined voltage to said load from the respective power supplies. 
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47. An apparatus according tb ciaim 29, wherein said load is a line-sequential scan type plasma display panel, and 
said apparatus further comprises a scan driver circuit between said third and fourth signal lines for generating a 
pulse to be applied to said load in address period. 

48. An apparatus according to ciaim 27, further comprising a power recovery circuit between said first and second 
signal lines. 

49. An apparatus according to ciaim 29, further comprising a power recovery circuit between said third and fourth 
signal lines. 

50. An apparatus according to claim 48, wherein said power recovery circuit comprises two systems of resonance 
circuits. 

51. An apparatus according to claim 48, wherein said power recovery circuit comprises one system of a resonance 
circuit 

52. An apparatus according to claim 48. further comprising a diode between a coil in said power recovery circuit 
and said load. 

53. An apparatus according to claim 48, wherein said power recovery circuit comprises two capacitors for power 
recovery connected in series between said first and second signal tines, and a coil connected through a switching 
element to the node between said two capacitors for power recovery. 

0-*. An apparatus according to claim 30, wherein said load is a plasma display panel, and said ninth switch Sc. vGi 
as either of a switching element for generating a pulse to be applied in address period, and a switching element 
for generating a pulse to be applied to said load in sustain discharge period. 

55. An apparatus according to claim 30. wherein said load is a plasma display panel, and said tenth switch serves 
. as either of a switching element for generating a pulse to be applied in address period, and a switching element 

for generating a pulse to be applied to said load in sustain discharge period. 

56. An apparatus according to ciaim 49, wherein said load is a plasma display panel, and said apparatus further 
comprises a scan driver circuit between said third and fourth signal lines for generating a pulse to be applied 
to said load in address period, and 

switching operation in said power recovery circuit performed with a switching element in said scan driver circuit. 

57. An apparatus according to claim 47, wherein said load is a line-sequential scan type plasma display panel, and 
said apparatus further comprises an integrated circuit made up from scan driver circuits provided for the 
respective display lines of said line-sequential scan type plasma display panel. 

58. An apparatus according to claim 57, wherein said scan driver circuits are provided on both sides of said load, 
and said scan driver circuits and the driving circuits on both sides of said load are made up into said 
integrated circuit 

59. An apparatus according to claim 11, wherein said load is a plasma display panel, and the voltages at said first 
and second levels respectively given through said first and second signal lines, are selectively applied to a 
common electrode of said plasma display panel, and the voltages at said fourth and fifth levels respectively 
given through said third and fourth signal lines, are selectively applied to a scanning electrode of said plasma 
display panel. 

60. An apparatus according to claim 59, wherein voltages in opposite phases are respectively applied to said common 
and scanning electrodes so as to apply said predetermined voltage to said load. ^ 

61. An apparatus according to claim 60, wherein the potential of address electrodes are set at the ground level in 
sustain period. 

62. An apparatus according to claim 11, wherein said load is a line-sequential scan type and memory type plasma 
display panel in which scanning electrodes and common electrodes are alternately disposed, 

said apparatus further comprises: 

an odd number common electrode driver for driving the common electrodes in odd numbers, and an even 
number common electrode driver for driving the common electrodes in even numbers; and 

an odd number scanning electrode driver for driving the scanning electrodes in odd numbers, and an even 
number scanning electrode driver for driving the scanning electrodes in even numbers. 
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either of said odd number and even number common electrode drivers comprises such first and second signal 
lines as defined above, and either of said odd number and even number scanning electrode drivers comprises 
such third and fourth signal lines as defined above, 

said scanning and common electrodes are driven at a timing by the combination of said odd number common 
electrode driver and said odd number scanning electrode driver, and the combination of said even number 
common electrode driver and said even number scanning electrode driver, and at another timing by the 
combination of said odd number common electrode driver and said even number scanning electrode driver, 
and the combination of said even number common electrode driver and said odd number scanning electrode 
driver, and 

voltages are thereby applied to said load with alternately switching the combinations of said drivers on the 
common electrode side and said drivers on the scanning electrode side. 



63. A driving method for applying a predetermined voltage to a load, 

wherein the voltage of a first signal line is changed between first and third levels, and the voltage of a 
^5 second signal line is changed between said third level and a second level, and the voltage at said first level 

given by said first signal line in the state that the voltage of said second signal line is set at said third 
level, and the voltage at said second level given by said second signal line in the state that the voltage of 
said first signal line is set at said third level, are selectively applied to said load; 
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64. A plasma display apparatus comprising: 
a plasma display panel; 

first and second electrodes provided for applying a predetermined voltage to said plasma display panel to 
make a discharge occur; and 

25 a driving circuit for driving said first and second electrodes. 

wherein the first electrode side of said plasma display panel is provided with a first signal line for 
supplying a voltage at a first level to said first electrode, and a second signal line for supplying a voltage at 
a second level to said first electrode, 

the voltage of said second signal line is set at a third level and the voltage of said first signal line is 
set at said first level so that the voltage at said first level is supplied to said first electrode through 
said first signal line, 

the voltage of said first signal line is set at said third level and the voltage of said" second signal line 
35 is set at said second level so that the voltage at said second level is supplied to said first electrode 

through said second signal line, 

the second electrode side of said plasma display panel is provided with a third signal line for supplying a 
voltage at a fourth level to said second electrode, and a fourth signal line for supplying a voltage at a 
fifth level to said second electrode, 

40 

the voltage of said fourth signal line is set at a sixth level and the voltage of -said third signal line is 
set at said fourth level so that the voltage at said fourth level is supplied to said second electrode 
through said third signal line, and 

the voltage of said third signal line is set at said sixth level and the voltage of said fourth signal line 
45 is set at said fifth level so that the voltage at said fifth level Is supplied to said second electrode 

through said fourth signal line. 



65. A driving apparatus for applying predetermined voltages to a load, 

said apparatus comprising a first signal line for supplying a voltage at a first level or a third level to 
one side of said load, and a second signal line for supplying a voltage at a second level or said third level to 
said one side of said load, 

wherein the voltage of said second signal line is set at said third level and the voltage of said first 
signal line is set at said first level so that the voltage at said first level is supplied to said load through 
said first signal line, or the voltage at said third level is supplied to said load through said second signal line, and 

the voltage of said first signal line is set at said third level and the voltage of said second signal line 
is set at said second level so that the voltage at said second level is supplied to said load through said second 
signal line, or the voltage at said third level is supplied to said load through said first signal line. 
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66. An apparatus according to claim 1, further comprising: 

first and second switches connected in series between a first power supply for supplying the voltage at said 
first or second level, and a second power supply for supplying the voltage at said third level; 

a first capacitor whose one temninal is connected to the node between said first and second switches; 

a third switch connected between the other terminal of said first capacitor and said second power supply; 

a sixth switch, a second capacitor, and a seventh switch connected in series between said first and second 
power supplies; 

an eighth switch connected between said other terminal of said first capacitor and one terminal of said 
second capacitor; and 

fourth and fifth switches connected between said one terminal of said first capacitor and the other terminal 
t5 of said second capacitor, 

wherein the node between said fourth and fifth switches is connected to said one side of said load. 

67. A.driving method of a plasma display apparatus including. a plasma display panel, said method comprising: 

the first step of supplying a voltage al c* first level to said plasma display panel to drive said plasma display 
panel, and supplying the voltage at said first level to one terminal of a capacitor to charge said capacitor 
with the voltage at said first level; and 

the second step of outputting a voltage at a second level reverse in polarity to the voltage at said first 
level, from the other terminal of said capacitor, and supplying the voltage at said second level to said 
plasma display panel. 

68. A driving method of a plasma display apparatus including a plasma display panel with at least a pair of 
electrodes for making a discharge occur, said method comprising: 

30 

the first step of supplying a voltage at a first level to one of said electrodes, and supplying the voltage 
at said first level to one terminal of a first capacitor to charge said first capacitor with the voltage at 
said first level; 

the second step of outputting a voltage at a second level reverse in polarity to the voltage at said first 
35 '®vei. from the other terminal of said first capacitor, and supplying the voltage at said second level to 

said one of said electrodes; 

the third step of supplying a voltage at a fourth level to the other of said electrodes, and supplying the 
voltage at said fourth level to one terminal of a second capacitor to charge said second capacitor with the 
voltage at said fourth level; and 

40 

the fourth step of outputting a voltage at a fifth level reverse in polarity to the voltage at said fourth 
level, from the other terminal of said second capacitor, and supplying the voltage at said fifth level to 
said other of said electrodes, 

wherein said first and fourth steps are performed almost at the same time so that a voltage required for a 
discharge and obtained due to the potential difference between the voltages at said first and fifth levels is 
applied between said electrodes, and then said second and third steps are performed almost at the same time so 
that a voltage required for a discharge and obtained due to the potential difference between the voltages at said 
second and fourth levels is applied between said electrodes. 
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69. A method according to claim 68, wherein, in either of said first and second steps, a voltage at a third level 
as a reference potential is applied to one of said electrodes after the voltage at said first or second level is 
applied to said one of said electrodes, and V 

in either of said thir-d and fourth steps, a voltage at a sixth level as a reference potential is applied to 
the other of said electrodes after the voltage at said fourth or fifth level is applied to said . other of said electrodes. 

25 70. A driving method for applying a predetermined voltage to a load, wherein 

the voltage of a first signal line is changed between a first level and a third level, and the voltage of a 
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second signal line is changed between said third level and a second level, 

and the voltage at said first level given by said first signal line, or the voltage at said third level 
given by said second signal line in the state that the voltage of said first signal line is set at said 
first level and the voltage of said second signal line is set at said third level, and the voltage at said 
second level given by said second signal line, or the voltage at said third level given by said first signal 
line in the state that the voltage of said second signal line is set at said second level and the voltage of 
said first signal line is set at said third level . are selectively applied to said load. 



71. An apparatus according to claim 1, further comprising: 

a transformer comprising a primary coil connected to a power supply for supplying the voltage at said first 
level, and a secondary coil; 

a capacitor connected to both terminals of the secondary coil; 

a first switch connected between a power supply for supplying the voltage at said third level, and one 
terminal of said secondary coil; 

a second switch connected between said power supply for supplying the voltage at said third level, and the 
other terminal of said secondary coil; and 

third and fourth switches connected 'r series between said first and second signal lines connected to both 
terminals of said capacitor, 

wherein the node between said third and fourth switches is connected to said one side of said load. 

72. A driving apparatus for applying a predetermined voltage to a load, said apparatus comprising: 

first and second switches connected in series between a first power supply for supplying a voltage at a 
first level, and a second power supply for supplying a voltage at a third level; 

a capacitor whose one terminal is connected to the node between said first and second switches; 

a third switch connected between the other terminal of said capacitor and said second power supply; 

a first signal line connected to said one terminal of said capacitor for outputting the voltage at said 
first level; and 

a second signal line connected to said other terminal of said capacitor for outputting a voltage at a second 
level reverse in polarity to the voltage at said first level, 

wherein the voltage at said first level given by said first signal line, and the voltage at said second 
level given by said second signal line are selectively applied to one side of said load. 

73. A power supply circuit of a plasma display panel with at least a pair of electrodes for making a discharge 
occur, for applying a predetermined voltage to one of said electrodes, said circuit comprising: 

a first signal line for outputting a voltage at a first level, and a second signal line for outputting a 
voltage at a second level, 

wherein the voltage of said second signal line is set at a third level and the voltage of said first signal 
line is set at said first level to output the voltage at said, first level through said first signal line, and 

the voltage of said first signal line is set at said third level and the voltage of said second signal line 
is set at said second level to output the voltage at said second level through said second signal line. 

74. A power supply circuit of a plasma display panel with at least a pair of electrodes for making a discharge occur, 
for applying a predetermined voltage to one of said electrodes, said circuit comprising: 

first and second switches connected in series between a first power supply for supplying a voltage at a 
first level, and a second power supply for supplying a voltage at a third level; 

a capacitor whose one terminal is connected to the node between said first and second switches; 

a third switch connected between the other terminal of said capacitor and said second power supply; 

a first signal line connected to said one terminal of said capacitor for outputting the voltage at said 
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first level; and 

a second signal line connected to said other terminal of said capacitor for outputting a voltage at a second 
level reverse in polarity to the voltage at said first level. 
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